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Sir:  I  liavc  thv  honor  to  submit  herewith  for  i)ul)licatioM  a  report  on 
tlie  use  of  nu'tal  raihoad  ties,  by  ^Ir.  E.  E.  Russell  Tratnian,  as  a  sup- 
plement to  Bulletin  No.  1  of  this  Division,  on  the  same  subject.  The 
subject  of  wood  pres(M  vation  and  other  economies  in  the  use  of  wood 
in  railroad  construction,  which  were  treated  in  Bulletin  Xo.  4,  also  find, 
additions  in  this  report,  together  with  a  republication  of  i)arts  of  Bulle- 
tin ]So.  1,  the  issue  of  which  is  exhausted. 

The  question  of  the  substitution  of  metal  for  wood  in  railroad  ties  has 
pro<iressed  steadily  since  the  first  report  ])ublished  in  1890,  until  now 
more  than  o5,0()()  miles,  or,  allowing  for  omissions  in  the  report,  about 
L'O  per  cent  of  the  railroad  mileage  of  the  world  outside  the  United 
States  and  Canada  is  laid  on  metal.  Although  progress  in  this  direc- 
tion in  our  country  has  been  slow,  yet  it  can  be  a  (juestioii  of  only  a 
^liort  time  hen  tliis  saving  of  forest  supplies,  which  will  at  the  same 
lime  insure  greater  elliciency,  safety,  and  final  economy,  will  be  forced 
upon  them  l)y  tlie  waning  of  forest  sui)plies,  and  as  the  railroad  com- 
panies Ix'gin  more  and  more  to  assume  a  permanent  and  less  specula- 
tive character. 

Meanwhile,  as  shown  in  the  re[)ort,  i)reservative  processes  and  metal 
tie-plates  may  be  api)lied  to  w^ooden  ties  with  advantage,  and  thereby 
no  doubt  the  time  will  be  i)ostponed  when  the  better  but  more  expen- 
sive metal  tie  shall  be  adopted. 
Kespectfully, 

B.  E.  Fernow, 
Chief  of  Division. 

Hon.  .1.  Sterlinc  Morton, 

)Scc)'ctary. 


i.iTn;k  111-  <n!\iiTr.\i, 


lL'7  K\>i  'Iw  i:n  J  \  Tiiii:i)  Sii:i:i:i, 

Xcir  York  Citi/.  (k  toln  r  1,  l^'H. 

Sii;:  1  IciTwitli  I  ^ulmiit  my  second  rcjiori  iijm»ii  I  lie  u-^r  n\'  nn-ial 
rail\\;i\  tir^  as  a  >iil)>litul(*  lor  wcmmIch  ii.-s.  and  ii|m»ii  ihr  iiicili..d> 
;iil()|>icd  |(»r  tlic  I  »ifscr\ati<  III  and  iimtcd  ion  ot'  woodiMi  tics. 

I*;tii>  I  ;iii<l  II.  irlatiim  to  metal  ti;n-k.  ar»'  maiidy  siiiiplemeiitaiy  to 
m\  toi  iiur  icpoi  I  (Ml  t  his  sultjeet  |Hil)Iislie(l  as  Jiiilletip  No.  1  ihc 
l''ore>ti\-  I  )i\ i->i(«n.  Ill  ls!M),aii<l  should  he  -tudie(|  and  consichTed  in 
coll  n»'cl  ion  with  that  rejxn  t.  for  w  h  icli  ]>uriio>(' t  he  oi  i^nnal  arra!i;4t'me!ii 
and  classilicat  ioii  ha\  e  hccii  lollitwed  >o  tar  as  j»os<il)l('.  This  supph-- 
mcntaiy  report  practicallN'  covers  a  period  ol'  nearly  live  years,  l»iit  it 
has  not  Itecii  at'eiiipted  to  procure  retui  iis  tVom  each  railway  iiUMitioiieil 
ill  the  re|>«ut  of  1  >1MI.  so  that  the  --ummari/ed  >iat  ist  ics  ot"  mi  lea. lit  in  all 
proi)al)ility  err  coii^idcral »Iy  on  the  ^ich-  ot'  omi>->i(»n.  It^  |»ur]»o^e  has 
rather  l)eeii  to  record  particular-^  ot"  the  exiicriciicc  and  de\flopmenl 
diiriii.u' thi^  period.  l)Ul  1  lie  auureuatcs  ol'  the  mileage  >iati'-tic--  >h(»\v 
ail  iiicicax'  in  the  luoporlioii  ol'  Ira(dv  hii<l  with  iiieial  lie->  to  the  total 
leiiulhol'  railwa_\>  of  the  woihl  e\(du>i\-e  ol"  the  I'liiteil  States  and 
( "aiiada.  w  liich  liaNc  a  -reat  lailway  mileau'e  w  ith  an  iuliiiite-iinally 
small  percentaue  of  metal  tiack  from  l.'I.i*  jier  cent  in  l^lMi  to  1  7.L'  per 
cent  in  1  ^'.i  1.  A  How  I  nil-  loi'  the  incoiii]»leienes>  of  i  he  return^,  a--  m'led 
al»o\  e.  I  his  means  jtrolialdy  L'O  per  cent  in  1>;M  a>  coini»ared  w  ith  l."> 
percent  in  l^ixi.  hi  i^-eiieral  it  is  shown  that  metal  tle«^  ha\e  l»een 
siiccessfull_\  applied  and  are  in  >ucce--<ful  u^e  under  all  conditions  of 
(diiiiate,  liaflic.  and  Hack,  and  in  man\  cases  under  conditions  ajtproxi 
inaliiiu  to  ihe>e  which  oiitain  on  railwa\-  in  the  I'liited  Slate--. 

in  \  iew  of  the  pos>iliilit  ies  of  >teeliie  manufacture  a--  a  new  and 
imiioiiaiit  indu--ti>-  in  this  country.  I  ha\e.  in  Pait  ii.  entered  some 
what  fnll\  inl  o  part  icular>  <  d'  ma  iiufact  lire.  Ml  t  hat  the  leport  will  he 
of  I  III  ere --t  and  \  alue  to  e(d  iiiakei  and  w  orkeis  a--  w  idl  as  to  eniri 
neers  and  railway  men.  It  i^  of  special  imiioiiance  to  note  that  one 
American  ma  iiiil"acl  nrer  e->tima'e>>  that  1<M>  |)oiind  ties  t'or  main  tia(dvS 
can  iie  made  in  (piantitie-^  f(U-  Ic-^  than  ^'2  each,  at  juc-eiit  ]u-lce^  (»f 
ste(d:  ami  that  the  price  (d"  metal  is  u^t'tliiiL:"  so  low  that  there  may  tie 
a  till  lire  for  tin--  luamdi  of  maiiul"acture  on  the  score  of  low  tir-t  cost 
alone.  The  rejHU  t  im  ludc>  a  lari^e  nuiiilK'r  uf  sjiecial  ami  olhcial 
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returns  from  ])ar(s  ol  tlic  wmld,  mid  in  tliis,  as  in  the  former  r('])()rt, 
1  have  uiN'en  tlic  in;iiii  parts  of  tlicsc  returns  nearly  in  full,  as  well 
as  a  (liucst  and  rex  icw of  the  mass  of  information  contained  in  the 
deseriptixc  jiart  of  the  repoit.  Tiir  reason  lor  this  is  that  neither  par 
tieulari/.ed  nor  ucnerali/etl  i  ii  I'oi  inat  ion  is  sn  llieieii I  i n  it  self  lor  t  he  pur 
poses  for  which  this  lejtort  is  intended.  Had  the  returns  and  ^-eneral 
information  been  iii\en.  without  any  re\iew' oi' comparison  of  t  heii- sub- 
ject matter,  it  would  leave  each  reader  to  study  out  for  himself  the 
eonelusions  to  be  drawn:  while,  had  the  detailed  information  been 
merely  summarized  and  dii^csted,  the  reader  would  naturally  be  in 
doubt  as  to  the  amount  and  cliariicter  of  the  information  and  the 
strength  of  the  iii'ounds  upon  wlutdi  the  concdusions  ])resented  were 
based.  I  have  theretbi-e  iii\en  tlie  imi)ortaut  statements  from  indi- 
vidual returns,  ami  ha\('  also  presented  a  review  of  the  whole  nuitter, 
with  the  conclusio'is  to  be  drawn  therefrom.  It  may  be  permissi])le  to 
note  beie  that  the  oriiiinal  rei)ort  has  received  considerable  favorable 
comniemlation  on  the  part  of  railway  engineervS  and  officers  and  the 
technical  i)ress.  Only  one  adverse  criticism  has  been  received,  and 
that  claimed  tiuit  injustice  had  been  done  by  certain  statements  which 
were  inaccurate,  hut  on  inquiry  the  original  statements  were  officially 
indorsed  as  accurate.  The  present  report  is  of  even  greater  i)ractical 
importaiu'e  than  the  former  one,  which  necessarily  took  up  the  matter 
historically  in  order  to  show  the  development  of  the  metal-tie  (piestion, 
and  thus  a  considerable  portion  was  more  matter  of  record  than  of 
experience.  The  report  would  not,  however,  have  been  complete  if  this 
matter  had  been  omitted  or  neglected.  In  fact,  one  of  the  foreign  engi- 
neering papers,  in  reviewing  that  report,  stated  that  It  is  now  possi- 
ble to  form  an  accurate  idea  of  what  has  been  done  and  of  what  is 
being  done  in  various  countries,  and  with  what  degree  of  success." 

Part  III  of  this  report,  dealing  with  the  economies  which  ma}^  be 
practiced  in  the  use  of  wooden  ties,  has  been  added  for  the  reason  that 
while  the  more  general  use  of  metal  ties  may  be  looked  for^vard  to  in 
the  future,  yet  at  the  present  time  a  matter  of  more  immediate  interest 
is  the  economical  use  of  the  present  type  of  track,  for  the  financial  and 
])hysical  benelit  of  the  railways  and  for  the  preservation  of  the  valuable 
timljer  resources  of  the  country,  which  have  been,  and  are  being,  dissi- 
pated ami  destroyed  at  an  alarmingly  rapid  rate.  The  application  of 
])reservati^■e  i)rocesses  not  only  eflects  economy  by  increasing  the  life 
of  the  tie  and  reducing  the  renewals  and  nuiintenance  work  (thus  insur- 
ing a  better  and  more  permanent  track),  but  in  many  cases  it  enables 
ehea])er  A\  oods,  not  suitable  for  railway  ties  in  their  natural  state,  to 
be  made  use  of,  so  that  treated  ties  of  this  kind  may  be  actually 
chea])er  and  have  a  longer  life  than  untreated  ties  of  originally  better 
quality.  As  the  life  of  ties  in  this  country,  however,  is  limited  more 
frequently  by  the  destructive  effects  of  wear  and  consequent  local  rot 
at  the  rail  seat  tlian  by  the  natural  decay  of  the  ties,  the  lull  benefit  of 
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tilt*  tivaleil  tie>  t  an  not  In*  luadi*  a\  ailablt-  uuli*ss  iiuMiis  art*  taktMi  to 
pifveiit  such  wear.  F«>r  this  j)urpose  luelal  ti»-  plates  have  been  iutro 
(liiceil,  .iiul  ihrir  u>e  lias  spread  to  an  euormoiis  extent  during'  the  past 
few  years,  nu  in;;  to  tin-  ^M«  at  improvenient  which  they  etlect  iu  ecnn- 
onjy  and  elht  ij-ncy  of  track  for  a  very  h)W  first  cost.  These  phites  are 
use<l  jreiM  rall\  on  untreated  ties,  as  the  adoption  of  preservative  proc 
«*sses  lias  l»ecu  lai  less  rajtid  than  that  of  tie  plates.  It  is  safe  to  sa\- 
that  the  use  ol  >u(  h  j)lalc>  is  out*  <if  the  most  iiniMirtanl  of  modern 
stci»N  ill  railwa\  economy,  lyit.  as  alrca«l\  ii«>t(Ml.  the  full  henetit  of  the 
e\peii--e  iiiNoUed  in  the  treated  ties  and  the  uirial  lie  )»!ate^  can  only 
he  assured  w  hen  l»(»th  an-  u^etl  lonellier. 

While  a  very  ;rreat  reiluetion  in  the  consnnii>tioii  of  wcmkIcu  lies  may 
he  etVected  by  tln'se  nn  ans.  I  can  not  pass  by  this  oi>poitnnity  to  reler 
to  the  extreme  de^irabilit \  <>i  the  adoption  of  a  consersative  forestry 
policy  by  the  ( lo\-erninent  w  ithout  <lclay.  so  as  to  preser\ c  tin*  remain 
in;:  timber  resources  the  reckless,  wanton,  and  often  ille;:al  destruction 
of  which  is  matter  ol'  past  and  jirevciit  history),  not  only  for  their 
natural  benelits  to  the  country  as  stantlin;:  tind)er,  but  also  for  their 
value  as  a  constant  and  recti rriii^r  source  of  tind>er  supply  Ibr  commen-ial 
l)uriioses,  the  source  beiim  in  constant  course  of  renewal  uinU-r  retores 
tation  methods  and  practical  tbrest  nianafrement.  The  iletails  of  sucn 
Work,  and  the  satisfactorv  <*xperience  wit h  ( lo\-erniiient  mana^enu'iit  of 
forests  in  lliirope,  India,  etc.  ha\"e  been  published  in  other  bidletins 
of  the  I-'orestry  I)i\ision  (»f  the  C.  S.  1  )e|)art nieiit  of  A L:ricult ui e.  antl 
need  only  be  referreil  to  here. 

In  conclusion,  while  reiirettin;:  that  no  ixreater  ju'o^^ress  can  bo 
r<'i)orted  in  the  use  of  metal  ties  in  this  country,  I  can  not  but  feel  that 
this  liniite<l  ]iro;4;ress  is  due  to  some  extent  to  the  more  inimediate  and 
direct  economies  now  bein;;  connnendably  etVected  by  the  <»ther  nn-ans 
abo\  e  noted:  nevertludess.  juduin;:  from  the  jtro^ress  and  <-ontinued 
la\orable  experience  in  other  countri«'S.  I  still  bcdieve  that  the  nioic 
extensive  use  of  nu'tal  ties  in  this  country  has  mertdy  been  i»o>tpMned 
temporarily,  an<l  is  still  a  very  issue  lor  considerat inn. 
1  am,  sir,  rojtcct tull>  yours, 

M,      K*i  ssi.i.i.  Ti:  \  i  \i 
J.s.vor.  Mn/t.  Am.        .       /;.,  .1/.  .Im.  hisl.  M.  II. 

W.  \\.  )\v. 

(  hit /' of'  I'ortstni  Pirlsimi. 

J  h  jxirl  Hit  nt  n/\[tj)i<  kK  u  )i,  \\  (isltiiH/tnu.  / '.  ( 
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Statfs   r.i 

Muiopf  : 

Mn^lnnd   13 

I'ranci'   17 

Holland    2S 

I{(d;;inin   32 

(icimany   39 

Anstria  and  lliinnary   •.   :')() 

lU)snia   'u 

Swit/t'iiand   57 

Si>ain   (IS 

rortn^al   03 

Dt-nniaik   (!."> 

IvUiSSijV     (il 

Turkey  (European)   65 

Turkey  (Asiatic,  Asia  Minor)   05 

Greece   65 

Africa : 

Egypt   6fi 

Algeria   fW 

Sondan   71 

Senegal   71 

Kongo  (Portuguese)   72 

Kongo  Free  State   72 

C'ai)e  Colony   1'^ 

Natal   75 

South  African  Kei»nbli<:  (Transvaal)   75 

British  South  Africa   75 

British  East  Africa  ('oin])any's  Territory   76 

Australasia : 

Australia   77 

(Queensland   77 

New  South  Wales   82 

South  Australia   83 

Victoria   85 

Asia: 

India   S6 

Ceylon   107 

Straits  Set  ticincnt.s  (  I'ait  Iicr  India  oiMalay  Peninsula)   107 

Sumatra   lOi) 

Java   109 

China   l()n 

Tonkin   \W 

Japan   110 
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and  ontIin«'d  in  tlic  s(dit'<inli'  L:i\t'ii  below  to  tin-  wriliT  <d'  this  report. 
Ml-.  I].  II.  L'u>>^(  ll  'rratiiiaii,  ('.  II,.  rare  of  Aniciicaii  Soriety  of  Civil 
llnui !i('»'r>.  lL'7  I'.a^l  Tw mly-third  >1H'»'I.  New  \'oi  ix  City.  1'.  S.  .\, 

ni  ri.iNi:  oi'  iM  (ii:.M.\  IK i\  i\  L'l.i. A  I  K »N  r< •  i: Aii.w  AV  i  K'Ai  K  AMI  rii:s. 


Naino  <»f  railway.  i  f. 

Koutr.  '  10. 

Character  ( -^radfs,  curves,  natn ir  nf  11. 

rojHitry  ami  sdII,  etc.).  1-. 
Namo  of  cliiet"  etii;ine<'r  or  <Mi;:iut  <  r  i:;. 
.of  ]H'niianent  way. 

Climate,  ami    etVeet    on    iiii  t.il    and  11. 

wooden  tie8. 
Character  of  traflif.  1". 
Niimhcr,  wei;;ht.  ami  .>iM'<  (i  o!  train-'. 
Wcii^ht  of  ••ii<rim'S.  weii;ht  on.«lri  vin;; 

wheels,  and  Im^rtli  of  whctdha-^e. 


( 'oii.Ktrm  tion  of  roaflhed  ( drawiuf;). 
Material  ..f  l.alhist. 
iWdiavior  of  Name  umler  ties. 
K'ail:  wei<iht.  sectiou.  and  len;:th. 
h'ail  fasteiiiuj^s  :  si»iket-.  Iiolts.  clamps. 

«  tc..  (  with  drawinjrs  \. 
K'ail  JttiMt-^:   luoken   or  even,  sn.s- 

]»entled  or  supportetl. 
i^^il  joints;  arrangement  of  splice 

l»ar-^  and  holts. 


Ml,  I  A  I. 

1.  Len;:th  of  lim-  laid. 

2.  Where  laid. 

3.  Dates  when  laid. 

•i.  Cross-ties,   l(Hi;;itildilials  or  separate 

hearinjjs  ( Itowls.  etc. ), 
5.  (ieneral  form  (detail  ilrawinjjs). 
fi.  I >imensionti.  im  linlini:  thi«  kMess. 
7.  W.  iuht. 

K.  Materi.al.  ami  <|nality  of  same  (.houiI 

spe«iticationsi. 
I'.  Spacing,  center  to  center. 
|i>.  i'rot«'ctivo  treatment  (jiainting,  tar- 
ring, anti  rnst  process,  etc.). 
11.  Manufacturer. 

IL'.  I'irst  cost,  at  factory  or  delivered, 
i;!.  .\ttaclinuMits  of  r'lils  (drawings*. 
II.  .\rrang«-ments  for  «  urves. 
l.>.   ri«'  ro<lM;  if  usetl :  how  attached  ami 

how  adjusted  for  gauge. 
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1(5. 

|n. 

IS. 
lit. 
L'tl. 
L'l. 


I  Mirahility. 

NumlM-r  of  renewals. 

Expense  of  maintenance  (atatigtics^. 

Keasons  for  using  metal  track. 

Iv'esults,  satistactory  or  otherwise. 

I-  there  troulde  with — 

(<i )  Kail  atta<-hments. 

(6)  .Maintenance  of  track. 

(c)  Noise  under  train. 

{tl)  Hust,  «orrosiim,  wear,  cracks, 

or  hreakage. 
IHhcien«-y  :ind  economy  as  coniji.ared 

with  Wooden  ties. 
( Jeneral  remarks. 

opinions,  or  summary  of  experience. 


CIHCILAK. 


11 


\\()()i>i:\  III: 


1.  Matfiial  incihI  spt'ci  ticat  ions. 
•J.    Whvvr  (.lit,lilH>.l. 

Si/t'  of  t  if. 
4.  Cost  of  ti<'. 

r».  XiimluT  aiitl  lost  of  renewals 


10.  What  |>rcs(M  \  ati\ (•  ]»n»(  ('ss  used  ;  ^\^■- 
scrilM",  Willi  resiills. 

11.  Work  (loiif  liy  railway  or  coiit  ractor. 
IL'.  Niiiiilx-i-  of  t  i.  s  t  rcatiMl. 

Lfii-I  li  ol  lil'f  (.1"  t  ivatcd  t  irs. 
I.riii;th  of  li  Ir  of  t  if  :  liow  .loc  s  i  I  fa  i  I .      II.  Dof  s  t  if  a  t  iiic  ii  I  sollf  ii  or  lia  idiii  t  lif 
Statistics  of  f oiisimi])!  ion  and  re  wood. 

iifwals.  l.">.   Wood  used. 

What   fxtia   l'a>;l  f  ii  i  ii  ir-  arf   iisfd   on      l(i.  ( 'ost  of  iicw  tic  mid  cost  of  trcatlliort. 


(•Ul  \  f s. 

^paf  iiiLT  <d' t  if s,  f  f  iitf  r  to  cf  iit( 


17.  Arc  ties  Hcasonol  hcforo  uso  or  before 
tre  atiiif  nt. 


riK-PI..\TF.S. 


'I'ype  of  ]>lat('.  Avith  drawini;. 

Maker. 

Material. 

1  )iin(^iisioiis,  thiekness,  and  \veiL'"lit. 

How  Ioiil;'  used. 

Placed  on  how  many  ties. 

What  wood  are  the  ties. 

Cost  of  plate. 

How  is  pl.ate  fastened  to  the  tie. 


10.  How  is  rail  fastened  to  plate  and  tie. 

11.  Ellicioney  in  inakin^j  <rood  trac  k  and 

rediiein":;  renewals  of  ties. 

12.  Is  there  trouble  in.  keepin<r  the  plates 

ti<i;lit  on  the  ties  (to  ]>revent  slai»- 
piii<jj  or  cliatteriui;). 
18.  Are   they    used    on    (  iir\-es    and  at 
switches. 


i?A  K^r  1. 


rSK  or  MKTAL  TIKSON  RAILWAYS  IN  FORI^ICX  ('orXTIMlvS 
AM)  ]\  TllR  rMTKI)  STATES. 


NOTE.  -All  asterisk  (*)  ;ii>i»rii(i(  (l  ti»  tin-  iiaiitc  <>f  a  raihviiy  indicatos  that  a  statement  in  rcixard  to 
that  railway  will  Im-  IouikI  in  Hie  (.ri;,M:ial  rrporl  <if  1890.— E.  E.  II.  T. 


Section  1.— KUHOPK. 
exglaistd. 

(iKNER.VL  Kemarks. — Very  little  pro.i>ress  lias  been  made  since 
1S!)().  One  railway  liiids  metal  ties  a  failure,  another  is  extendiii"-  its 
experiments,  wliile  a  iliird  (with.  5(1  miles  of  steel  ties)  is  not  laying 
any  more.  It  must  be  remembered  that  the  standard  type  of  track 
has  creosoted  ties  with  double-headed  rails  carried  in  chairs  havin<^'  a 
wide  base,  so  that  both  decay  and  wear  of  the  tie  are  provided  against, 
while  metal  ties  (according  to  experience  here  and  elsewhere)  give 
better  results  where  "["-rails  are  laid  directly  upon  them  than  wliere 
these  large  chairs  are  interposed  to  carry  double-lieaded  rails.  On  the 
other  hand,  the  manufacture  of  cast-iron  and  steel  ties  for  export  is  a 
\ cry  important  industry.  One  tirm  alone  had,  up  to  1<S0!>,  nnxnufac- 
tiircd  2,S()0,()0()  steel  ties  (representing  i;K),00()  tons)  and  could  turn 
out  meter  gauge  ties  at  the  rate  of  ten  i)er  minute.  Tiie  prejudices  of 
the  tra(;kin(Mi  against  nu^al  ties  are  referred  to  under  the  head  of 
'^Tracklayiiig*'  in  Tart  ii. 

iSiiiniiKtrii  of  vichd  irack  in  Knfjhivd. 


Miles. 

Great  J'.a.stern  KaihvM y   2.  50 

Loinlfni  and  Northwestern  lJuilway  

Motrojiolitan  Railway   7.25 

Midland  K'ailway   2.  .50 

Xortht-astcin  K'ail\v;iy...   5 


Total  in  18!tl   7:5.25 

Total  in  181)0     70 
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USE  or   MKI  AL   KAILIMAD  TIKS. 


(Jkkat  Kastkk.n  Kailwav*  («:aii^a',  1  feet  S.h  inches).— When  in 
luiii)]it'  in  ls!M>  1  saw  a  iiuniber  uf  tlie  steel  trou;4:li  ties  (referreil  t«»  in 
iny  ui  i;^inal  i  i  i)ort),  with  cast-iron  eliairs  lor  bull  headed  rails,  w  hieh 
had  been  taken  out  and  staeked  lieside  the  track  at  a  point  near  Loii 
ilnn.  w  lirre  e\tensi\e  alterations  were  in  proj^ress,  but  1  was  informed 
by  Mr.  -Inliii  \\  iN<»n,  the  chief  engineer,  that  they  liad  nut  lu-rn  alian 
doneil,  but  were  to  be  j»nt  dow  n  a;:ain.  I'urther  parlicuhirs  ha\  e  l)ern 
pr«»niised.  but  not  recei\<'d.  These  ties  were  «if  inverted  irouj^li  section. 
l.J  inches  widco\  er  the  bot  turn,  inclu'S  wide  <tn  tnj»  ln-tueen  llie 
intersections  of  liiu-s  nf  sid<*s  and  top  ,  ."i,"^  inches  decj).  |  incli  tiiiek. 
with  tnj)  corners  L* ,V  iin  hes  radius.  They  had  at  each  end  four  hoIe> 
for  the  \ertiial  ends  of  the  two  ••twin  "or  \J  bolls  allachinj;  each  chair, 
tin-  b(»lt  1  leads  beiiii,^  united  b\'  a  strip  or  le;,^  w  hicii  ln-ars  on  the  inside 
of  the  top  of  llie  tie.  'l  lie  lies  wei-hed  oiilv  >(>  jtoUlids  each,  and 
were  made  in  ISST.  The  experience  with  them  has  lieeii  loo  >h<»rl 
to  allow  of  any  deliiiite  conclusions.  Tin'  wcxtden  ties  are  of  ereosoted 
1  ialt  ic  pine.  1»>  i»y  o  inches  >ecti<iii  and  S  ft-cl  11  inclio  hni;:,  wei;,diin;^^ 
about  l  l>.<i  pountis.  Tiie  inainteiiaiice  expense  duriiiir  I >«'.>(»,  including 
renewal>  "U  a  e.Mi^iili  iable  lenLilli  liie  line,  was  G. 7  cents  i»er  train 
mile. 

L()M)(».N  AND  NulM  IIWKSIKI.N  KaiI.WAV  *  i.uail<re,  1  feet  S.]  inches). — 

Ml.  \\  \N  .  \Vel)b,  the  nHM-hanical  su|ierintendciit ,  of  w  hose  rolled-steel 
ties  loii.O'^o  were  in  use  on  oO  miles  of  track  in  iss'.t.  w  rot«*  me  in  May, 
iSill,  that  at  present  the  use  of  the  steel  ties  is  not  bein^^  extended. 
He  thinks  that  in  some  cases  they  ha\e  been  found  ralliei-  li.uht  tor  the 
work  on  ihis  road,  ami  his  own  e\periem-c  shows  that  tlu-ir  elliciency 
depemls  a  ;;ood  deal  ujm)!!  the  kind  ol  ballast  in  which  they  are  laid. 
The>e  ties  have  been  tried  (w  ith  the  l]n<ilish  Itnllhcadcd  rails)  tui  the 
IN'nnsyh  aula  llailioad.  (Nee  United  States.) 

In  .Inly,  is'.ij,  Mr.  Harry  l'^totn«'r.  eiiLrincer  of  peinianent  way.  >ent 
the  hdlow  in-  particulars,  from  w  hich  it  may  be  inlericd  ilial  I  lie  \\'el»b 
lies  have  not  pro\  ('(l  \ cry  >al  istactory  : 

(M  l(Mi.(MH)  m.-ial  .sUi'i.rrs  lai«l  »lo\vii  l».  t wrm  tli«' yt-ars  IS^U  ami  IM'O  ilu-re  have 
lieni  iT.TtK)  lakfu  up.  ( U"  these,  ovt-r  \,'.\S0  have  been  repaireil  and  lai<l  in  yanlM 
or  where  trains  do  not  rnn  at  hij^h  si)Oed.  antl  the  n'inainder  have  been  serapped. 
The  avera;je  life  of  the  sleepers  taken  up  from  the  main  lines  w.i.s  it  years  11  months, 
and  the  avera;;e  life  of  the  sleejKMH  fstill  in  the  ninin  line  is  7  years  I  months.  This 
eompany  has  n<»t  laid  .any  metal  sleepers  sinre  1SH8  and  has  no  jiresmt  Mit^ntion  of 
putt  iiil;  d<»\\  n  any  niDif. 

These  ties  were  rolle(l  in  a  three  r<»ll  mill  from  ingots  of  Uessemer 
>lc«  l.  The  rivet  holes  were  pnm  hed  hot  at  one  stroke  so  as  to  insure 
theirexact  relali(»n  to  each  <»llier  and  make  an  a<-<  iirate  tit  in  rivelin^^ 
The  pnnches  wcic  conical  and  tin-  holes  mat  le  so  I  hat  the  smaller  diam- 
etei  >  cam«'  t oL;<'t her,  t h n --cc u ri n <:  t i.Lrlit  rivet in;r.  Later  the  ti<'s  wcic 
maije  Imm  Thomas  (lilchrist  sle<  l.  which  was  said  to  be  better  de|iho>- 
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plioii/.cd,  snlin-.  lr>s  lo  craci;.     In    Issi;  Mic  wciulit  was 

oivcii  as  follow  s,  hfiii^-  ten  pounds  li-litci'  t  liaii  in  IS'.MI; 

I'diiiids. 

l  lr      Irvl    lull-   VSA.m 

'2  chairs   27.  iM 

Kivrts   a.  Oi; 

2  l»as(«  i»latfH   l  l.ix; 

2  wondt'M  keys   1 . 

Tutal   17:{.H0 

Tlu'  cost  in  ISSfi  w  as  siM'i,  of  w  hich  ll!  cents  were  lor  labor;  w  liile 
the  wooden  ties,  with  chairs^  etc.,  cost  as  lollows: 

1  IV   ^0.  its 

2  cliairs  7:^ 

I'astciiinus   .  ,'}|{ 

Total   2.01 


Mi:tR()P()Litan  IvAilway*  (gauge,  4  feet  8.^  inches  wide). — Ties  of 
mild  steel  have  for  some  years  beeu  used  on  the  St.  Johns  Wood  line, 
and  are  of  shallow  trough  section,  with  the  upper  surface  sloped  down 
at  the  ends.  They  are  about  8  feet  4  inches  long,  8^  inches  wide  on 
top,  13  J  inches  wide  over  the  bottom  lianges,  3  inches  deep,  and  three- 
eighths  inch  thick.  They  Aveigh  145  pounds  each,  and  to  prevent  rusting 
are  dipped  in  a  bath  of  tar  at  94°  0.  The  ordinary  chairs  for  bull-head 
rails  are  used,  each  chair  fastened  to  the  tie  by  four  seven-eighths  inch 
bolts,  with  necks  seven-eighths  inch  square  and  one-fourth  inch  deep, 
fitting  into  s(iuare-puuched  holes  in  the  ties  to  prevent  the  bolts  from 
turnijig.  The  bolts  have  hemisi)lierical  heads.  Steel  ties  are  also  used 
on  tlie  extension  between  Xorthwood  and  liickmansworth,  and  between 
.\iiHM  >liani  and  Aylesbury,  on, the  Aylesbury  extension.  The  following 
statement  was  lurnished  me  in  April,  1894,  by  Mr.  John  I>ell,  the  gen- 
eral manager: 

About  'A\  miles  of  double  road  (track)  Avere  laid,  with  metal  8lcci)ors  in  .September, 
IHHI,  and  1  miles  of  double  road  in  September,  1892.  The  sleepers  were  made  by 
B(dckow',  Vaii<;han  »S:.  Co.,  and  are  of  trough  section,  with  the  ends  llattened.  Tlie 
8leei>ers  are  of  steel,  laid  upon  gravel  ballast.  The  iiernuinent  wiiy  is  composed  of 
the  usual  Metropolitan  Railway  ]>attcrn  rails  and  chairs.  The  latter  are  bolted  to  the 
Bleepersby  four  seven-eighths-ineli  l)olts,  a  feltpad  being  interposed  between  the  base 
of  the  chaii-  and  the  sleei)er.  Tlie  road  laid  with  these  sleepers  is  more  dinh  ult  to 
keej),  both  in  line  and  Icn  cI,  than  the  ordinary  wooden-sleeper  road,  more  especially 
on  curves. 

MiDL.VNi)  Railway.*  (gauge,  4  feet  S.i,  inches).— In  April,  1894,  Mr. 
J.  A.  McDonald,  chief  eiigiiieei',  wiote  me  as  follows: 

We  laid  down  5  miles  of  steel  sleepers  as  an  exi)eriment,  and  more  than  half 
have  had  to  be  taken  out  before  t!u;y  had  been  in  us<i  seven  years.  These  metal 
sleepers  cost  about  four  times  as  much  as  timber  sleepers,  and  the  icsuli  has  l>een 
thoroughly  unsatisfactory. 

A  statement  made  in  June,  1889,  by  Mr.  A.  Langley  (then  chief 
engineer),  and  [)ul)lislic(l  in  my  original  report  ([>.  (id),  was  totheeil'cct 
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U8E  OF  METAL  I{A1L1:»)AD  TIES. 


that  tin-  >ti-fl  tifs  liad  puiNj-d  t-tVu  ieiit  in  Perviee  and  iliai  tin-  iiiaiiitr 
iiiince  was  i>riM-ti<  alI\  llu*  >aiiie  as  with  tn-oxtUMl  wnotl  {us.  tiis 
were   nf   trtui^^li    >«M  ti«»ii  w  illi  cast  iiuu  cliaii  N  u  in  l»uulld■^ 

b«»ltr(l  (()  ilnMii  aii<l  cairyiii;,'  biilllieadnl  rails. 

>'()KTiii:ASTi:iiN  1;\IL\\  A^  •  -  anLn  .  I  ict  t  SA  iiiflu-s).— Tlie luvssml 
sterl  tics  nt'  tlic  ( "all!  y  pal  l«-rii  an-  mailt-  Ikuii  i»latr«»  s  icci  hm^:  ami  Hi 
iiiclu's  w  idc.     Tin-  lail  »  laiii|i>  imiik  Ik d  linni   tin-  jilatc  lra\r  tlic 

lia(  k>  t  <irrii.Liat«-d  <ii  luiclJcd  so  a>-  tn  iii»  ica>r  llic  >lilViM  >'-.  Nrl'art 
11.  l'astt  niiiu>.'"  rin'  l{ilr\  tic  lia-  al-n  lu  eii  tried.  In  this  lie  tin- 
metal  I*!'  t  lie  tnji  tal)Ie  is  tuldrd  In  Idriii  a  >eat  eml)raeiiiL:  the  inm-r  --ide 
dl'  I  he  rail  llaiiue  and  lieariii^^  against  the  weh.  while  the  outer  -^itlt 
jni  ins  a  jaw  1  »et  w  eeii  w  li ich  and  t  he  rai  1  w  (d»  a  wnndcii  hhiek  <»r  key  "  i-^ 
<lriven.  It  \\asin\enled  in  ls>7  liy  Mr.  Kiley.  of  ilie  Si»  td  Cniiii.aiiN 
ol"  S(M>tland.    (Sec  "  lii  ley  tit-."  i 

Noin  il  StaI' l-oRDsiiiRi:  Kailu  a^  •  -an-i-.  1  leet  SA  inc-ln's  .—  In 
my  tnriiier  re] loi  t  meiitinn  w  a--  made  nf  i  lie  plaein  li  (il  a  lar;j:e  ordi'r  tdr 
.stet'l  lie-.  I'lii  Mi.  (i.  d.  ('r(>>tije-I  )a\\ -nil.  cliier  ell-ilieel.  Wlnte  mi*  in 
April.  1  ^'.i  1.  -laliiiL;  tliat  tlie  nrder  \\a>  imi  e\(-(  uted.  as.  n\\  iiiLi  In  t  he 
ad\a!iee  in  jiiii  es  nf  iron  and  steel,  the  makers  \\aiit«d  a  hi.uhe!  price 
j»crtoii  tliaii  t  liey  Ol  iiiiiial  ly  a>ked  \\  lien  their  nl1(-r  w  as  accej»tcd.  ihe 
lew  I  i(->  ahead  \  in  >ei  \-  ice  lia\  <•  hccii  lakt'ii  up  nw  in-  lo  altci  at  inii-  in 
the  >iation  \aid  w  lierc  tlicy  were  laid.  In  Scj.icmhei.  l>lt|.  Iin\\c\cr. 
t  he  ( 'liair  and  SI  c(-]ier  ( 'nmpaii  N  >tal  cd  i  lial  t  lie  t  ies  al  Stnkc.  mi  t  iiis  road. 
\\  (.-rc  >lill  in  use  and  a  lew  iiKUitlis  previously  w  (-re  Iniind  l n  1  u- as -nnd 
as  e\  cr  and  had  iml  liecn  iniiclicd  since  I  licy  w  ere  laid,  -onie  ycar>  a-n. 
The  en-ineci's  stati-niciil  is  undoiihicdly  llicmo>t  accuiat»-.  The  tit- 
is  ol"  V-S(-ct  i(Ui  w  ith  liori/diital  lop  llan;:e>  and  is  jiatciilcd  in  this 
counlr\  (No.  I. ".(»:»:.•_'  . 

TIKS. 

llmlsini  tic. — The  th*  iiiadr  !>>  \l.  1 1  inl>oii.  ( f  ihhrsi-nir  iVnnnhy .  m-.ir  I  ctds,  I'lii-jMiit- 
al»l«  railways,  in  rtun]totirt\  of  two  Mat  (Ii8k.s  run  nee- ted  hy  a  t'w  l»ar.  altcriintc  ties 
Iia\  iii<r  hij^s  to  lit  tln'  in.side  and  oiitsitle  of  the  rail. 

A'rr /ir.— The  "elastir  "  tie,  jmU'iitcd  by  Thomas  Ker,  M.  IiiHt.  C.  E.,  and  exhili- 
it«Ml  at  the  Kdinhnr;;h  Kxhildtiou  in  IHiK).  is  made  from  a  hma  steel  plnt^'.  the  niiddlr 
]Mirtion,  aliont  H  fi«  t  (5  iiieh»'s  lon^;.  heiiij;  of  shaUow  trouy;h  section.  wliiN-  tin- 
parts  l»eyond  this  arc  Ihittein  d  out  to  lull  \vidtli  :ind  ]»eni  «lownward  ami  th«-ii 
npward  an«l  l»afk  unth-r  the  lto»ly  of  the  tie,  closiii;.;  the  liottoni  «»f  tin*  tron;^h  and 
having  the  end  rivete«l  to  the  top  »»f  the  tie  near  the  midttle.  The  top  talde  in  thus 
not  sujuiorted  on  the  liallast.  The  i-nd  loojis  are  several  inches  tleoj)  to  alVord  resist- 
am-e  to  lateral  motion.  For  llan;;e  or  tee  rails  lii^s  are  stamped  n])  out  of  the  tie 
and  horizontal  wed^jes  driven  between  the  Iwa  an«l  rail  base,  t'hairs  for  double- 
headed  rails  ean  :ds«)  \>o  secured  I>y  clamps  and  keys.  The  weij;ht  is  »'stimated  at  r»."» 
p«»nnds  for  meter  «anj;e,  I'JX  pounds  for  stand:»rd  ^anpe.  and  V.iG  ponn<ls  for  5  feet  f> 
inches  kJ'"K*''  ^1"'  •'hairs  woiKhinp  2."»  pounds  each  in  addition.  The  idea  of  the 
desijiii,  as  stated  by  the  inventor,  is  to  eauao  a  spring;  or  tdastir  .u  tion  of  the  ujiper 
])art  while  the  lowor  portion  takes  it«  support  on  the  ballast. 

lainj  /if  .— A  somewhat  interesting  form  of  tie  is  that  invented  by  Mr.  Kih-y,  of 
th»'  Steel  Coujpany  «»f  Seotland,  in  1><H7),  and  usetl  tosomeextent  on  the  Nc»rt iM-astern 
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Kailw  ay .  It  is  a  troii«;li  tio  (as  shown  on  I'l.  No.  aiiil  in  rullinij  the  nirtal  is 
h>rt  tliit  krr  al  I lir  ra il  scats  than  at  otln  r  pai  ts,  and  l»y  prossini^  tin  ends  of  tlio 
plato  tom'thrr  tlio  jaws  arc  ioiincil.  Hoth  (lie  imuT  iid  jhiIit  jaws  or  lu^s  aro 
lirsl  pressed  int(»  tin-  form  of  a  lii>;Ii  Jaw  with  vertical  face  to  the  rail  and  nndined  hack, 
the  height  hcini;  fro:n  l>asc  of  rail  to  nndcrsi<lc  of  head.  The  inner  jaw  is  then 
pressed  or  I'oldetl  in  lo  lit  ovci-  tiic  rail  ihiUijj**  and  l»car  ai^ainsf  i  he  w el)  of  the  rail.  A 
wooden  key  isdii\eii  l»etween  the  outer  Jaw  and  the  \\tl»  of"  th(^  rail,  the  tit»  licin*; 
adai)tcd  for  rails  ot"  either  T  or  donhlc-head  section,  'i'lu;  inner  jaw  is  for<cil  into 
shape  hy  t he  use  ol'  special  dies.  1 1'  the  metal  is  of  siifticieiitly  niihl  (|iialit\  and 
worktMl  (Mily  at  a  proper  h(>at  the  tics  may  \n\  snccesHfiilly  made,  Imt  it.  wonld 
appear  that  unless  thi'Si' conilitions  were  rigidly  adhered  to.  the  amount  of  strain 
set  up  hy  cold  workiiiLT  would  he  such  as  to  cause  the  niimher  of  rejected  or  spoiled 
ties  to  he  \ cry  ^^reat . 

fl  liilf  tic. — A  tic  mad(^  from  old  mininij  rails  of  £i  ov  hv'i'^v,  section  was  desi^jjued  hy 
Mr.  J.  W.  White,  of  Widnes,  in  and  is  intended  mainly  foi  narrow-j;an^e,  col- 

liery, and  mining  tracks.  The  rail  is  cut  into  leni;ths  of  S  feet,  each  forming  a  tie. 
The  rail  is  inverted,  and  two  clij)  chairs  aie  platMMl  in  the  clumnel  thu.s  fornuHl, 
each  soeured  by  a  key  or  holt.  The  hollow  of  the  track  rail  (also  of  bridj^e  section) 
lits  over  a  ln;L;  on  the  chair,  while  a  lu<^  on  the  outer  e<l«^o  of  the  chair  holds  the  rail 
hy  its  llauge.    {Sec  aho  the  ''North  Stallordshire  Railway.'') 

FRANCE. 

General  Remarks.— The  extended  tests  on  the  state  railways  have 
«;iven  i^ood  results,  both  in  efliciency  and  econoni}^,  under  heavy  and  fast 
tratlie,  as  shown  by  the  otticial  statements  from  Mr.  Bricka,  engineer  in 
chief,  whose  early  investigations  and  valuable  report  (issued  in  1881) 
were  referred  to  at  some  length  in  my  original  report.  He  now  has 
lir>  miles  of  metal  track,  as  against  IM  miles  at  the  end  of  1889.  Some 
other  roads  have  instituted  or  continued  experiments,  while  one  has 
removed  the  metal  ties  from  its  main  tracks,  owing  to  their  weakness. 
However,  as  tlie  creosoted  beech  ties  on  this  latter  road  last  about 
twenty-seven  years,  there  is  little  incentive  to  use  the  more  exi)eiisive 
metal  ties. 

Sitmmari/  of  mvtal  irack  iu  France. 


Milea. 

licit  Railway,  Paris   0.06 

Eastern  Railway   0.0.5 

Northern  Railway   0.00 

Pans,  Lyons,  and  Mediterranean  Railway   2.73 

State  Railways   Ho.  00 

Western  Railways  /   3.25 

Paris  Street  Railway   2.30 

Tours  aud  \'ouvray  Steam  Tramway   1.  11 


Total  m  1891   127.80 

Total  m  \m)   52.  12 


liELT  Railway  of  [*aris  (gauge,  -t  feet  8!  inches). — In  Augusfe,, 
188S,  there  were  laid  105  steel  ties  of  the  Uoyenval-Poasard  type  (see. 

France"  and  also  PI.  6  ot  former  report)  on  a  length  of  .'U.")  feet  of 
track.  Titey  were  8  feet  'i  iiu^hcs  long,  weighing  110  pounds,  and  had 
base  plates  tor  T  laiis  weighing  74  pounds  per  yard.  The  fastenings 
7037— No.  !)  1' 
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USE  UF   MKIAL   UA1LK(»A1)  IIKS. 


\\  fit' >LTO\v  Spikr<.  scr»'\\t'<l  into  woodrii  lilncks  in  t  Ik*  chaiiinl  nt  i  In*  tir. 
Tlifse  ti«*s  Wi'Hi  liiiii  I'll  a  ciiixc  at  tin*  list  CiMiilim*  staliiHi,  at  a  point 
wlitTf  the  in^liniivr  Iti  aUfS  art*  apj»lif<|  tn  >t<>|i  tin*  t rains,  and 

tln-v  \v«-i  f  put  in  to  irpla.  f  wimhIimi  tirs  witlimii  intntnin-  with  tin* 
tiallir.  Tln'V  can  \  siMnrt  inifs  .'.nn  trains  daily.  Inil  the  al  taclinn-nt  s 
kcfp  ti^ilit  ami  tin-  li.•-^  lia\r  n<»I  sliiltcti  lln-ir  position.  In  Aj.iil.  ls«.n. 
I'un.sard  »!v:  <  o..  oi  I'an^,  wmie  im*  as  lollows: 

WoespeoiallN  »  ;ill  your  ai t.  iil ion  to  tlio  tii'H  laiil  on  tin*  1',.  It  ii'ailwa\  of  Taii-. 
whit  h  have  liom  in  hi  r\  siin  i*  1  k'tM  iiiVnT,  1>0<*<.  and  liave  tarri«Ml  a  trallif  of  1.'II,0(HJ 
traiiiH,  tli«"  ^iii-atvr  part  of  ha-j  1»cmmi  lu-avy  freij;ht  traiiiM,  without  hlmwinj; 

the  Kli;;ht«*8t  altrratioii.  Th»'  uinnhur  of  trains  ri-prestints  for  u  railway  of  Ii;;ht 
trallir,  with  20  trains  pt  rtlay.  a  lift*  of  thirly-thret*  yrars.  The  buttt-r  to  inform  you  a> 
to  the  valur  of  our  hystein  of  nn-tal  tir.  we  have  thouj;ht  it  wtmhl  he  UNeful  t«»  take 
out  of  the  track  twt»  ti«*H,  one  Joint  ti«!  an<l  one  iiiternie(liate  tie,  in  onler  to  report 
to  yuu  a--  t'»  how  our  ties  behave  unrli'r  sueh  ii  al]i<  .  W  <•  are  hapjiy  to  tell  y<tu  that 
these  two  ties  aro  in  a  perfect  stato  of  preservai  ion,  an<l  that  it  is  impossible  to  pre- 
dict when  they  will  bo  out  of  sorvieo.  Wo  <lo  not  doubt  that  the  ties  now  in  the 
track  can  su]i]Mtrt  the  ]tas8a«;e  of  four  or  five  tinu-s  the  number  of  trains  noted  abttve 
lirioK-  ih«  y  will  n  t|iiirc  to  be  renewed. 

10\si  i;i;\  L'Mi.w  \^  '  uauuc  I  tn-t  s.^  inclic^  .—  in  dnly,  iSS-l.  tin- 
rliicr  ciiuiiiffi  •-(•III  iiif  a  >I  al  ('iiifiil  in  rc;j:ai(l  lo  ilic  c  \  pcricncc  w  i  t  li 
I  he  (  i  nillaiiiiif  aiitl  I  '••--I  si  eel  t  ic->.  w  incli  \s  ci  r  laiii  in  1  l>al  only  on 
a  liniitiMl  scale  'i'lic  lonncr  wcr*'  Iai\<-n  mi!  in  I'^'M.  and  llic  lath-r  aic 
found  to  l)c  too  weak  lor  the  iraiiif.  Tlif  oilicial  >t.iiL'iiu'nl  is  as  lol- 
luws: 

\V<-  have  laid  only  KMM.t  tlio  ( oullauiiH-  t  {(Ml  of  the  I'ost  tics,  and  iniUH-iliately 
at  the  >i'lc  ini)  1,1  iliii.ii  \  criDsotcd  <(ak  I  i>  >.  !<u-  cuuiparison.  The  rails  are  «»f  steel, 
;i9.:!'i  Icri  Ioml:.  \\ci;ihinj^  •!(•  i»oiiii<ls  ]n  i  xaiil.and  having;  1(>  ti«'s  to  a  rail  length. 
The  jiMiil^;  arc  lirokcn  and  susju-iidcd.  1  h<-  track  w.is  partly  on  tan;;ent  and  partly 
on  .1  curve  111'  :5,(>(K)  feet  ratlins.  The  number  of  trains  wa.s  al»out  L'."».(HK»  pt-r  year, 
and  toward  thoend  ol'  t  he  c\ periincnt  it  w.is  about  lUi.(MK).  The  fast  trams  make 
about  r><)  miles  ju'r  hour.  Tin-  lii  a\ ic-t  In.id  on  one  axle  «d'  the  enj;nies  is  HJ^  Inms. 
The  ( oiillauuic  tics  were  taken  oin  ol  the  track  alxmt  the  Ite^jin  nin;;  «»f  ISIM,  after 
lia\  iinx  l>e<-n  •.nl»jccicd  to  a  tralhc  of  1S(),(KK>  trains.  The  I'ost  ties  and  the  creosoted 
oak  lies  .in-  still  in  th«'  track,  ami  have  carried  aliout  L'1(»,(HK)  trains. 

ihtillaume  Mtvtl  tkn. — The  keys  (or  bearin*;  blocks),  of  compresse»l  «  Im.  had  \<>  be 
rem  w  ed  in  ISH[),  after  thr<'e  years'  .ser\  ice.  They  wort^  to  the  stirfa«-es  «»t  « <.ntaci  of 
the  railsand  tics,  and  have  thus  pre\  i  nii  d  the  wc.ii-  of  the  clamps  and  the  rail  ll.inire 
at  theclainps.  A  certain  nnniln-r  of  the  clamps  lirol\c.  Tlie  b.ill.ist  ini:  licha\cd  well 
enough  as  Ion;;  as  the  k«'ys  remained  intact. 

I'lml  hUvI  t'uH. — The  attachuiiii  I  s  lia\e  behaved  well  so  far.  Their  wear  is  insig- 
nificant, and  «b»es  n«»t  exi«'cd  li  ill  a  millimeter  at  their  contact  with  the  r.iils  and 
ties.  The  j;auK«"  u«d  w  idened  on  I  he  curve,  but  is  narrow  ed  .about  .'•  millimeters 
(O.'Jinch)  on  the  tanjxent.  .Mthou^h  the  ties  wei-^h  pounds,  tln-y  bend  length- 
wise, the  middh*  becomin;;  depressed  aboiit  10  millimeters  (O.l  iin  h)  below  norm.-il 
ie\el.  It  is  necessary  to  tamp  them  several  times  every  year,  :is  the  ballast  is  very 
pernn-abh  .  These  results  L;n  to  shir,\  ili:it  the  section  of  I  lie  tiis  is  too  weak  fol  llie 
traflie  they  have  to  carry. 

Creosoted  oak  ticJt. — None  of  the  ties  liave  had  t«>  be  replaced  f«>r  any  defcc  t  \\  li.it- 
ever.  A  jdate  of  tarred  felt  is  placoil  between  tin-  iie  ami  the  r.iil,  which  pre\ents 
the  wear  of  the  Hurface.H  in  contact.  This  lasts  abmit  three  years.  The  track  main- 
tainsalways  its  proper  ^aum»ainl  the  inclination  of  the  r.ails.  The  stability  of  tlieso 
ties  IS  superior  toth.it  «)f  the  Tost  ties,  and  they  require  less  maintenance. 
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N(^iM'iii:i;\  l;\II,\VA^  *  (uaii.uc  I  lr«'l  s.i,  indics). — This  i-oad  has 
made  soiiic  trials  with  iiiclal  tirs,  bin  the  results  wcic  not  sat  islactoi'V, 
and  t  he  t  ics  w  ere  iciiioN  (■( I  I  roiii  t  he  main  t  l  acks  a iid  |)hi(  ('d  in  t  he  yar«ls. 
Moi  ('  I  lian  twenty  >  cars  a^o  a  I  rial  w  as  nia<le  with  ."),()()()  \  anl  herin  t  ies, 
l)Ut  t  hey  eon  hi  not  be  kept  i  ii  posit  i(  hi  in  t  he  baUast ,  and  t  he  a  1 1  acli  men  I  s 
were  unsat  i>l'aetory,  w  iiile  in  ease  ol'cha  aiiinent  there  was  .^reat  (lela\  in 
rei)airinL;  the  track.  In  bSS,"")  tiieic  weic  1 .")()()  Sexci'ac  ties  hiid  on  Ww. 
(•omi>an>*s  hel-ian  lines  (.vfr  lieli^inm  i.  In  ISSS  iM'tweeii  7.000  and  8,000 
SeM'iae  tiesi.vrr  IM.  10  of  oriuinal  report)  were  laid  at  (lillereiit  points 
in  I'ranee  on  sections  w  here  iIm*  tralHc.  was  lieiivy  and  at  lii<;h  speeds, 
w  liich  proN'cd  the  weakness  of  t  he  ties.  Tli(^  shocks  to  t  lie  lail  attaeh- 
ments  by  last  tiains  broke  the  keys  and  gradually  lo<)S(Mied  the  rivets 
attaeliiiiii-  tlu'  tie  j)late  lo  the  I-beam  Ibrmin^ii-  the  tie.  All  these  ties  Inive 
been  taken  out  of  liu'  main  tracks.    The  details  of  wei<iht  were  as  fol- 


lows: 

I'DUtlds. 

I-be;nii.  iion   SS.  OG 

Knt'ts.  11  on   1. 10 

Ba.st'  plates,  iron   11.00 

End  ])l:ites,  steel   48.81 

Keys,  stei  l   1.51 


'foial   151.14 


The  wooden  lies  are  mostly  of  beeeb,  ereosoted  by  tlie  lily tli  i^rocess, 
with  28.0  pounds  of  creosote  per  tie.  They  are  10.4  by  5.2  inches  section 
and  8  leet  (>  inches  l()n<>-,  wei<>hin<»-  (after  treatment)  abont  1S0.2 
pounds.  A  small  number  of  oak  ties  jire  used,  weighin<;-  about  198 
poumls.  The  avera.ue  life  of  the  ties  is  twenty-seven  years,  and  there- 
tore  they  are  iiat  urally  considered  superior  to  the  metal  ties  wdiich  have 
been  tried. 

TAins.  Lyons,  and  Mediterranean  Railway*  (gauge,  4  feet  8.J 
inches). — In  April,  1894,  ^Mr.  Michel,  chief  en <;ineer  of  permanent  way, 
wrote  me  that  (>,.]00  metal  ties  were  laid  in  1891  on  two  sections  of  the 
line,  as  follows:  -J, 750  ties  on  1.4()  miles  of  the  Valence  and  Moirans 
division,  and  :5. .■).")()  on  1.27  miles  of  the  branch  irom  Toulon  to 
Hyeres.  Tiie  foi  nn-r  ha\  e  carried  17,000  trains  and  the  latter  l."),000 
trains,  and  all  are  in  ^ood  cond ition.  The  ties  are  of  Vautlieriu  section, 
as  used  on  the  com[)any*s  lines  in  .Vl^ena  [see  PI.  17  of  my  original 
report),  but  the  vertical  key  or  cotter  has  a  sharix-r  tajxM'.  The 
weight  of  the  tie  is  ."J.'J.d  [)ouii(ls  per  yard,  and  the  wciuht  of  tie  and 


attachments  is  as  follows: 

Parts.  I'oiiiKis. 

1  tie   <)(;.80 

2  j^i])s.  on     (1*^,  ^).7l^■')  ])()nn(ls  eacii   1.45 

2  jjibs,  m.side,  (J.()00  ponnd  c;ieli   1.  32 

2  cotters  or  keys,  1.078  pounds  eiu  li   2. 15 

2  K'^'""*  -'f  l>;u  k  of  cotters,  ().:{:>()  pound  cmcIi                                   .  n.  (X; 


y  Total  102.38 


rSK   OF   MK'l  Al.    liAll.ROAl)  TIES. 


Tin*  MiMaiis  syst«MM  ami  liniiioii  syslviii  wen*  triiMl  experiiiieiilally 
Beveial  y<*ars  a;ro.    ( .SV<  ApiuMnlix  1,  •*  Jlistorit-al  Notes/') 

Stati:  IJailu  avs*  (jraii{?e,  4  feet  S.j  iiiclies). —  \Cry  «  an-lul  «»hser 
vatioiis  oT  the.  ifsults  of  tlir  iin*tal  tirs  in  use  on  tliesr  lines  havf  been 
kept  by  the  enj;in»*ers.  and  1  am  indrbtt  tl  t<»  Mr.  IWicka.  eliief  enj^i- 
iHMT.  for  copies  of  the  tiibular  statrin«  iits  pirpanMl  f<»r  presentation 
at  tin*  tiftli  niretiFiir  '>t*  tin*  I  iilci  nat  imial  llailway  Coii^^ess,  to  be  held 
ill  Lnndnii,  in  .Iniir,   l^'.t.i.  >t;ihMl  in  iii\  niiijinal  n*pnrt,  lhn*e 

I  \  |M-s  of  1  icx  ;irr  briiiu  1 1  i«'d  .st  >  p.  7".>aiid  I'U.  .^aiid  «•  <»f  lliat  i«-pnit  i, 
naiiirly  :  It  t  lir  i'aulrt  and  i/i\iil»'ltc  tii'>.  w  ii  h  dniiltlc  lnMtb-cl  rails;  (L!) 
tlir  \  aullH'iin  nf  iiniroiiii  >»*<  ii()n,  with  donblr  licadcd  rails:  and  -ti 
the  Vantliniii  lie  of  \aryin;;  section,  with  llaii;:e.  or  Trails.  Tlr' 
h'n^ith  <d*  trat  k  laid  with  these  ties  May  1,  1S!»L  is  bi  low.  and 

a;4:j;re;:alcd  I  I    miles  : 


I      (1)  .3. 

Pnuli't  niitl  \  aiuliiTiii  \  aiilli<Tiii 
Lavalettc.    (tiiiirurin).    (vnriHbl)  i 


MiUs.  Milrt.  JiUfM. 

2.10   

  «.  15   

  4.4« 

  4.59 

  12   

2.75i  

 I  16.72;  

  15.89   

  13.«3  i  

  14.53   

 i  22.21   

 '  '  


Section  uf  railway. 


(A)  lt<'tw«-fii  Airvault  aiu\  St.  Loup 
(Bi  lU'twiM'n  Ciiartn  n  aixl  15ri»n  

(C)  Iietwi-«  ii  Charin-'*  ami  llmii  

(D)  La  lifM-lH'  siir  Villi  t4»  Hn  ssiiin'  . 

(E)  I. a  U«icli«'  sur- V<in  to  lireMHuiru  . 

(F)  Niort  f4.  La  lio*  liclh-  

Hi)  La  Uo.  lH'llr  to  K.M  h.-fort  

tH)  .Mniitn-nil  l{««Uay  to  Ah^ith  

(I)  Loitiliiii  t«)  MoiitrtMiil  Hi-llay  

(J>  Aiiibart-M  to  Kordcuiix  

(K)  La  Km-he-.Hur- Von  to  Liicuii  


1.  Pduhf  tnul  La  rah  th  t  irs. — .1.  Airrault  to  St.  Lotip. —  fhcsf  t  ifs  arr 
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'I'lic  wooden  tlrs  oil  tliis  M'Clioil  :  I  ir  o  t'  o;l  k .  Hot  ticnlcd,  S.o.'l  t'cct 
loiiu.  10  Ity  <>  iiiclics  xM'tioii,  w ci^lii iiLf  HI')  pouiids.  ;iiid  ;iic  spaced  H  1- 
iiiclio  ;it  tlic  joints  :iiid  .'lli.L'  iiiclics  iiitrriiicdiiitc.  'I'licrc  arc  .1,700  tics, 
wliicli  Ix'cii  ill  Unc  sc\-cii  years,  the  renewals  heiiiL;  7!>  ties  in  1S9I, 

ties  in  IS'.IH.and  ~)0  ties  in  1S!>;;.  The  reason  for  icnewal  was  that 
tlic  wood  no  loHi^iM-  held  the  lail  at  ( achiiieuts  W(dl.  No  sjx'cial  diCler- 
eiice  has  heeii  noted  Itelwcen  the  t  wo  types  of  track,  hiit  it  is  seen  that 
the  cost  ot"  niamleiiance  will  show  a  inoi'c  important  (liH'erence  for 
jSDl  and  ISIK"),  the  c()>t  w  ith  wooden  ties  liaN  iii.u'  been  as  <4i\-en  above. 
This  siM'tion,  havinu'  an  e(pial  nnnd)er  of  metal  and  wooden  ti(;s,  is 
in  a  variable  Ieini)eraie  climate,  with  little  snow.  All  cni\'es  are  of 
l.r»|0  ieet  radins.  t  heir  total  (b'V(do|)meiit  bein<;  l.of)  iinles.  The  rails 
are  the  Name  and  the  baUast  is  ol"  .'J-ineli  broken  stone.  The  tiallie 
averages  3,()4()  trains  per  year  (exclusive  of  work  trains),  running  at 
speeds  of  lo  to  K)  iiules  ])er  hour,  and  hauled  by  en^jines  wei<^iiin<>'  33 
to  o  ')  tons  on  a  wheel  base  of  .')■)  to  37  feet  (incdudin*;'  the  tender). 

1*.  \'(iufhcriii  (ics  of  loiifovm  section,  irifh  (lonble-hcaded  rails. — This 
t  \  !>«•  of  metal  tiacdv  is  used  on  a  number  of  sections,  as  shown  by  the 
for(\uoiim-  table,  and  has  l)een  found  very  efficient  and  decidedly  eco- 
nomical in  maintenance  expenses,  wliicdi  economy  is  found  to  increase 
stea<iil\ .  Tlie  ties  make  a  smooth  and  easy  riding  track,  do  not  show 
any  signs  of  corrosion  or  wear,  and  do  not  cause  any  extra  wear  of  the 
rolling  sto(d;,  while  the  bolted  fastenings  are  reported  as  being  ])erfectly 
satisfactory,  and  the  ])ermanence  of  the  tracdv  is  ])articularly  commented 
ni)on.  it  would  oceu])y  too  much  space  to  go  into  the  details  of  each 
section,  especially  as  on  some  of  these  the  exp(irience  has  been  too  short 
to  allow  of  any  definite  results  being  observed,  but  I  have  taken  notes 
irom  the  reports  of  some  of  the  sections,  and  in  order  to  facilitate  com- 
])arison  1  have  given  more  fully  the  report  of  the  section  fromChartres 
to  liron  (I)),  as  on  this  section  there  are  7,848  wooden  ties,  7,7r)0  metal 
ties  of  the  type  mentioned  in  the  heading  (type  2),  and  7,848  metal  ties 
of  tyi)e  3,  described  farther  on. 

/>.  Chart  res  to  Bron. — The  ties  are  of  steel,  of  trough  seetion,  with  ribs 
on  the  bottom  edges.  They  are  8.U  feet  long  and  lO.lii  iin  lies  wide, 
weighing  129  pounds,  while  the  fastenings  waigli  2  pounds.  There  are 
7,7.">0  of  these  ties,  which  were  laid  in  the  early  part  of  18S7.  Longitu- 
dinal cra(dvs  between  the  l)olt  holes,  showing  an  injury  to  the  metal  by 
imiiching.  have  been  observed  in  three  ties,  one  of  whi(di  has  been 
remoNcd.  The  tra(dc  is  as  elastic  as  that  on  wooden  ties  and  the  differ- 
ence can  not  be  jK^reeived  by  passengers,  and  safety  of  operation  is 
assured,  while  the  ties  have  ])ioved  satisfactory  on  grades  and  (airves. 
The  attachments  with  chairs  and  keys  gives  good  results,  and  there  is 
no  indication  of  wear  of  the  bolts  or  holes.  The  cost  ot  mainte;iance 
l>er  mile  ])er  annum  for  metal  and  wooden  ties  has  been  as  follows,  the 
materials  being  exclusive  ol  new  ballast,  none  having  been  re(]uired: 
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WJ\. 

1,-y;. 

tal 

M.t.l 

Wood. 

1  \  1H-- 

i--3. 

1 

I^ibor   

$«7.  74 
4.84 

$45.15 
1.61 

961.29 
4.84 

«06.  13 
4.84 

M8.39 
1.61 

164.  SI 
4.84 

164.  SI 
4.84 

$4aa9 

1.61 

f60  35 
4.  81 

♦48.3-J 
4. 81 

Mut«ri»)it .... 
T.ilal  , 

72.  M 

46.70 

60.13 

70.  W 

SO.  00 

0B.3S 

69.35 

so.  00 

«... 

S3. 23 

30.64 

4:1 

'I'lic  \\.i,.(irii        ;in'  (.t  oak.S.n.'^  ffM»t  l<>ll^^  J^.S by (♦  iiiclies soctiou, ain I 

u  11-    ITii   iKiiunU.   wliilc  ilu-    i        ;i 1 1  ai'li  iiicilts   weif^ll  2  l)<»Uli<l>«. 

Tlicy  Wi'if  laid  HI  l^^T.  al  tlir  >-ann'  tiiiir  as  tlic*  iiu'tal  ti<'S.  ami  mnn- 
lia\i-  Item  iciicw  (•<!.     Till'  cliinalc  i»i  mild,  witli  rohl  wintiMs  and  lu*a\ v 
\A\\\<  III  lilt*  aiit  iiiiiii.    Tlif  laiU  a  1  c  <  "f  d  >  ml  di-  1  leaded  >ecnnii.  w  cii^iii  n 
7d  ixMimls  i)er  yar«l  (except  thai  T>  |H»uiid  T  rail.<  are  uxmI  ^^n  nu-tal 
tie->  (if  tN  pe  ."m,  and  all  the  ties  are  laid  in  a  Itallast  of  .><iliei(Mi.s  sand. 
lia\  iiiL;'  alnnit   1<>  |>er  cent  nt"  ln<>keii  stnne.    'idie  I ratlic  i.s  about  S,(MMl 
tiains  |M  1  aiiiium.  weiuliinu  1"»'>  i"        tons,  and  lianled  at  speeds  cd'  1 
to  .'••"1  mile>  pel  hour  by  Inc. iiimi  i \ w ci-hinu'  l"^  t<>       t<ms.  mi  a  w  lieei 
l»a>e  ()f."..~)  In  .17  feet  (iiicliidiiiL:  the  tender). 

(lOj  /.'/  liixlir-.siir  Yini  In  r.rtssiilir. — TIk'  iiietal  t  ie-^  inannt'ael  III  e(i  in 
lSS8b\  liie  1  ).'iiaiii  -Vii/iii  Works  are  >.L'  leei  hmu.  l.^  1  !ich<-N  w  ide  on 
top.  !>.■_'  lo  IK.I  iiicliev.  wide  on  the  Imiiom.  (>..;_'  nich  thick,  and  weiiih 
iL'T.d  pounds.  The  (diairs  wciLiii  L'.i  ixninds  each  ami  the  key ■>  are  id' 
oalv  or  sleek  The  laiN  are  ."><•  I'eet  Ioiil:-  ;iiid  wci-h  poiimU  peryartl. 
The  lies  are  sjiaced  .'.:•.•_!  im  lie-s  apart  and  1' 1  imdies  at  the  ioints.  'Idie 
hallast  i-;  ol' "J.J,  inch  l)r<»ken  >toiie  and  >aml.  There  are  I'd,  <»t' t hese 
ties  (laid  in  l^^^.aml  L'L'.'.M.'.  iioiiim]>reL:iiate(|  oak  tie^  laid  in  l>s7), 
weijj^liinu"  lol  ponmN.  l>oth  carryiiii:' al>  nit  ."».70(>  trains  per  annum,  nt" 
0()  to  ."»on  1 1  ain  h»,i«k    The  eo^i  lor  labor  for  maintenance  ]>er  mih' 

per  anniini  for  I  he  years  I  sii  1 -■:):.' ha^  been  s.")S.71  lor  the  ineial  ami 
>^iil  loi  I  he  wooden  1  ies:  while  t  he  <o>t  for  mateiial  e\(dusi\eof  bal- 
]a--l,noiie  reipiired    iiicrcaseil  fiitm  >^1.L.".*  to  >'].!•.■>  for  t  lie  met  al.  and 

from  -^L'.L'fi  to  -^L'..^^  for  i  he  w  leii  ties.     1 11  re-ard  to  thi^  section,  it  is 

noted  ihal  while  I  he  iia(dv  on  w  <  todeii  I  ie^  had .  11  iidoii  bt  i-c  i  ly .  d  11 1  i  n 
the  lir>I  Near,  a  maiivcd  ad\aiilaue  o\ er  that  on  iiielal  tie'>  in  idasticity 
and  coll -c;  I II  ell  I  comfort  to  ]ias>eiiL:er>-  ami  jn  eser  \  at  i(Ui  of  roll  i  n;,^  st  o<  k. 
yet  il  lemls  now  to  rapidly  h»^e  I  liai  Mipei  ioriiy.  'Idi i >^  i d iie  1  o  t  he 
|ieil'ecl  maiiileiiance  of  ihe  inetal  Iia<'k.  wliich  lia>-  become  almost  as 
<-lastic  a^  the  oiht  i.  and  il  appeal-^  to  be  an  iiidi>>putable  fact  that 
while  iIh'  former  i»  more  diniciill  to  maintain  during-  tin-  first  _\fai.  it 
end->  by  altainiiiu  a  r«inaikable  de-iee  (»f  ^labilily  when  llieballa>I  has 
thoioiiLrhly  Idled  all  \oids.  pie-er\ inu  ab-o|iii  e  liiridity  of  the  fa>t»-u 
iiius.  while  With  wooden  tie^.  lioue\cr  caielnlly  maintained,  il  islocat  icui 
(d  I  he  at  I  acliineiit  s  becomes  e\  ideiit  inaboiii  liNc  yeai^. 

((i)  /.'/  L'o.liill,  fn  IxoiJiiinrt . — There  are  L' I .  I  (•>  st«'el  t  ies.  w  ('i.i:hin<x 
IL'.").^  poiimN,  and  iL'.  I.>L*  impre^rnated  oak  iii'<.  ^.>d  feet  lon;j:.  HMiy  (I.I 
inches  >eclion,  wci-Iiiii.l:  1>7  pouiid>.     I  hey  all  cari\  7<i  jiound  rails, 
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arc  >pac('(l  iM  and  .'V.I.L'  iiiclK^s  at  joiiils  and  iiilcniKMliatcs,  and  arc  laid 
in  Itallasl  ot'  (|Mai  ry  sand.  Tlic  niclal  tics  lia\'c  Ix-cn  in  scr\  ice  one. 
ycai'.  and  cari  \  .■■).(K)0  Mains  |)cr  yc;ir,  while  the  wooden  ties  ha\<'  heen 
in  ser\icc  ten  years  and  carry  I, (Mill  traiirs  |h'1'  ycai'.  lioth  ti'a(d(sare 
clastic  ami  easy  ridinu.  hiit  the  wooden  ties  in  hridvcn  stone  hallasi 
woi'c  more  rapidly  tiian  those  in  saml. 

^11  I  Moiih-riiil  Hi  11(11/  to  Aiu/trs. — Tliei-c  are  tics  ol"  mild  steel, 

S.i'  feet  loll-.  \\  (  inhini;-  iL'oJ,  pounds,  w  ith  holts  O.SII  pound,  ami  chairs 
L'.'*)  pounds  eacli.  'I'hes*'  ]\a\  v  heen  in  ser\ ice  '_!  yea rs.  There  a I'e  ,dso 
1  .'.'To  t  real  c(l  pine  ties  and  nont  I'cat  ed  oa  k  ties  on  (air\('s,  S,;>(;  feet  loii.u, 
10  hy  (I  inches  sect  ion.  wei<rliiM<>-  1!)S  and  Id.")  ponnds  each.  'I'liese  haxc 
been  in  sei  x  ice  se\-en  years.  Tlic  rails  weigh  7(1  pounds  })er  yard,  and 
the  hallast  is  of  sand  and  i;ravel,  slift'litly  cart h\'.  The  ties  are  spaced 
asaho\-e.  The  trallic  is  al)()utr),7()()  trains  year.  The  cost  of  main 
tcnance  per  mile  jier  annum  is  about  $L">0  for  labor  for  both  wood  and 
metal  tics,  ami  s!).  1()  and  $4,  respectively,  for  material,  while  the 
expense  is  e.\i)ccted  to  he  still  iuor(^  favorable  to  the  metal  ties  after 
lS<)t. 

(d  )  .1  tiih((rrs  io  Ilorth-du.r. — There  are  14,200  tics  of  mild  steel,  weigh- 
in<i- 1.")0  j)ouu(ls,  with  47.7  i)oiuhIs  extra  for  fasteniniis.  These  have  been 
ill  service  two  years.  There  arc  also  21,800  noutreated  oak  ties,  8.53 
feet  long",  S.8  by  (I  inches  section,  weighing  154  pounds,  which  have  been 
in  service  seven  yc'ars.  The  rails  weigh  70  pounds  per  yard,  the  ballast 
is  of  sand  and  gravel,  and  the  ties  are  spaced  as  in  section  G,  The 
traffic  is  5,000  trains  per  year.  The  cost  of  maintenance  for  the  metal 
ties  for  labor  oidy,  in  1802  (their  hrst  year),  was  8124.58  per  mile,  while 
that  for  the  wooden  ties  had  increased  in  that  year  to  ^201.11  for  labor, 
$7.00  for  niaterials,  and  80.00  for  ballast  for  retamping. 

3.  Vauthenn  ties  of  variahle  section^  with  fl(m()e  rails. — This  type 
of  track  is  of  more  si)ecial  interest,  in  view  of  the  fiict  that  the  rails 
used  are  of  the  type  exclusively  used  in  the  United  States,  and,  as 
already  shown  in  the  table  under  type  2,  section  B,  the  cost  of  main- 
tenance w  ith  this  track  has  been  less  than  that  of  track  with  similar 
ties  and  double  headed  rails  or  of  wooden  ties  with  double  headed 
rails. 

C.  CJuirfrrs  Io  Jlroii. — There  are  7,848  ties  of  mild  steel,  8.53  feet 
long,  10.82  in(dies  wide,  weighing  121..')  i)oun(ls,  with  1.4.)  pounds  extra 
for  the  fasteinngs.  They  were  laid  in  1SS7.  The  rails  are  of  tlange  or 
T-aection,  weighing  78  pounds  ])er  yard.  The  bolted  clamp  fastening'^ 
give  good  results  and  show  no  wcnii  ,  but  with  gib  and  cotter  fastenings 
there  is  a  little  wear  of  the  rail  llange,  but  the  holes  in  the  ties  show 
no  wear.  It  is,  howev(M\  said  to  he  difli(Mdt  to  maintain  i)erfect  line 
ami  surfa(;e  with  these  rails  on  metal  ties.  Longitudinal  cracks  between 
the  bolt  holes,  ])roving  l)ad  i)uiiching,  have  been  observed  in  42  ties, 
but  non(»  of  these  ties  have  been  renewed.  The  track  is  said  to  ride 
harder  and  to  l)e  more  noisy  than  that  on  wooden  ties.  The  cost  of 
maintenance  has  been  given  in  a  previous  table. 
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Jioyenval  ami  J'onnnnl  titx. — In  ;uMitioii  t«j  the  ties  iibi»ve  iiieiilioiitHl. 
FonsiU'd  vS:  Co.,  of  Paris,  8t;ite  that  i;(>0  of  the  Boyeiival  l*oii.sar(l  ties 
were  laid  early  in  1.S8S,  some  near  I^ailleau  le  Pin  and  dtliers  at  La 
K«»ehe  sur  Yon,  coverin'C  len;;th  of  7>^  i'rvi,  and  spa<  ed  .">  feet  apart. 
Tile  former  are  for  7«»-pound  double  head  rails  with  east-iron  ehairs, 
and  these  are  S.i;  feet  Ion*;,  wei;:hin;r  11-  pounds  each,  or  171  pounds 
with  tlie  ehairs.  The  otliers  have  base  plates  for  70  jujund  T  rails,  an* 
S  J  feet  lon^',  and  wei«^]i  1.5-  piKinds  each,  with  plates  an«l  fasteniii«;s. 
All  have  closed  ends.  The  tainpinj^  is  easily  etfecled,  and  in  February. 
ISIM),  Mr.  IJricka,  the  chief  enj,'ineer,  eertihed  that  the  ties  were 
l>ehavin«;  well. 

Z  bnrtits. — Some  of  tlies**  rie<  fv'  Helirimn  >  are  s:iid  t«>  luiv^  ]»rcn 
tried. 

In  the  discussion  of  the  subject  nf  nn-tal  ties  at  the  UM-elini:  tif  the 
International  Railway  ('on«^ressat  St.  Petersbur•,^  in  isi*:.'.  .Mr,  Hric  ka 
stated  that  the  use  of  these  ties  on  the  state  railways  of  France  had 
been  conunen<e<l  in  1SS7,  and  inconsequence  of  the  satisfa<tory  result  s 
their  use  had  been  extended  until  at  that  time  they  had  ln*eii  lai<l  fm 
C8J  miles.  The  «rreater  i»art  (►f  this  lenjrth  ha«l  <loul>le  hea<led  rails  in 
cast-iron  chairs,  and  it  had  been  predicte<l  that  many  of  the  chairs 
would  break,  but  as  a  matter  of  fa<  t  there  were  fewer  broken  chairs  on 
the  metal  ties  than  on  wooden  ties.  His  exju'rience  did  not  a;rree  with 
that  of  the  Beljifian  state  railways,  the  olhcers  (»f  which  consider  the 
metal  ties  a.s  unsuitable  under  hiirh-speed  trathc,  asnn  the  I'rench  lines 
the  ties  behave  i>erfectly  at  points  when'  trains  run  rcj^ularly  at  speeds 
of  4.S  to  .">0  miles  i)i'r  hour,  althou^^h  the.se  ties  are  liirhter  than  the  Ih*!- 
^nan  ties,  wei-^hini^  only  11*7.0  pounds.  His  practice  in  «  oniparini:  the 
cost  of  maintenance  is  to  take  lengths  of  track  sutlicienlly  loiii^  to 
include  the  .sections  of  one  or  more  track  iranirs.  and  to  take  into  a<'cnunt 
all  the  expenses  of  labor  of  the  rcLTular  and  extra  .uan,i:>.  In  reir  ird  to 
the  nuuiber  of  men  on  the  se<"tion  «ran;^s  he  *;ave  tin*  following:  very 
interesting  li^ures,  ^ivin«;  the  number  of  men  on  sections  where  the 
track  has  been  in  service  at  least  two  years,  and  includini;  not  nulv  the 
section  men,  b>it  those  workin«r  in  the  station  yards,  at  fences,  etc..  and, 
in  fjeneral.  all  those  on  maintenance  and  rei)airs  not  requirin;,'  spei-ial 
worknn-n,  such  as  masons,  l)lacksmiths,  etc. 

(1)  Line  fr<»m  Paris  Xiort  and  lioideanx,  Ix'tween  ("nartre^  ;iiid 
Bron  :  Number  of  train>.  prr  year,  nr  about  '_'•'»  ju  r  <lay:  maxi- 

mum ^n'ade.  0.1. ">  ]>er  cent:  minimum  radius  i.t"cnr\e.  l.^ilO  ie«*t :  avei-- 
a;;e  spee<l  of  fast  train'^,  H>  miles  ]»er  hnur. 

{a)  Metal  ties  with  ilnuiile  head  rails  in  ca>i-ir<>n  chairs,  laid  in  .lan- 
uary,  1SS7;  leu'^th,  1..")  miles.  On  this  length  is  also  the  La  I'aye  sta 
tion.  with  8  swit<  hes  and  0,71>  mile  of  sidetrack  on  wnoden  ties.  l'r(Mn 
January,  1SS7.  to  .lanuary,  1S!M.  there  ha\-e  been  men.  or.  say,  1  man 
toO.'.hnile.  Sin^  e  .lanuary,  is'.U.only  1  nuMuor.  say.  1  man  to  1.1- miles. 
8ince  .lanuary.  ix>>7.  ther«'  have  been  only  17<»  days  of  extra  men  who 
have  been  employe*!  to  raise  the  t>allast,  etc. 
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{In  Post's  St  col  ties  wit  li  Ti;iils,  laid  in  .Mnicii.  iss;  :  Icimi  li.  I.'.hiiilrs. 
On  this  It'ii-l  h  arc  tlic  st;it  ions  of  liaillrnii  Ic  IMiiniid  M  .  w  il  li  1> 
switclics  ;iimI  niih's  of  track  on  wooden  lies.     I'j)  to  Au<^usl  .'ll, 

1S!M),  t  lici-e  wcicT)  men:  to  I  )cccnd»er  .">! ,  ISIM),  1  men;  nnd  since  Jami- 
ar\'  1,  1  Slij ,  only  •>  men,  or.  say.  1  man  to  (>.1>S.  I.L'L*,  and  l.(!  nnles.  No 
extra  men  lia\e  l)ecn  em|)loyed. 

(li)  Line  iVom  Sables  (!"( )]oniie  to  Tours,  het  ween  liressuire  and  <  lian- 
tonimy:  Nnnd)er  ot  trains,  1.1  lo  |)er  year,  or  about  II  jier  da\  :  urade, 
curvature,  and  speed  as  alioxc. 

(r)  Metal  ties  with  double  head  rails  in  cast  iron  chairs,  laid  in  June, 
ISSS;  lon<i"th.  1-  nnles.  On  this  length  are  the  statu)ns  at  8t.  j\Ies- 
inin,  (\M'it/.a>'.  and  Clal/ay.  with  IS  switches  and  !..")<)  miles  of  track  on 
wooden  ties.    The  lunnber  of  nuui  has  been  as  follows: 

Miles. 

.Iiiiio,  18SS,  to  June,  18S!).  II  nicn.  or  1  iii;m  to   0.  Hf) 

.luiio,  1S80.  to  March.  18!K).  S  mou.  or  1  man  to   1.50 

March,  1S!U).  to  185)2,  7  men,  or  1  man  to   1.70 

The  extra  labor  has  amounted  to  DOli  days,  or  1!)  days  ])er  mile  ])er 
year,  'i'liere  has  also  been  spent  on  drainage  works  and  reballast in<i' 
or       per  mile  per  year. 

{(I)  Post's  steel  ties  w  ith  T  rails,  laid  ir  18S7;  len<>tli,  4.G1  miles.  On 
this  section  there  are  no  swit(d»es  or  sidetracks.  The  number  of  men 
has  been  as  follows : 

.lannary.  1SS7  to  March.  18S9,  4  men,  or  1  man  to   1.  15 

March,  lS8it,  to  .Inne.  1800,  5  men,  or  1  man  to  : . . .    0.  02 

.lunc.  1800.  to  1802,  3  men,  or  1  man  to   1.51 

The  iron  i-ails  were  replaced  with  steel  rails  in  March,  1S{)1,  ami  in 
18!)2  there  were  si)eut  8')31.t)0  for  renewing-  rail  clamps  on  account  of 
the  i)lay  of  the  attachments.    There  has  been  no  extra  labor. 

These  results  are  very  satisfactory,  and  while  they  are  nearly  ap- 
'i)roached  by  the  results  with  track  on  wooden  ties  under  sinnlar  con- 
ditions. th(UM'  is.  nevertheless,  an  advantage  on  the  side  of  the  metal 
ties,  ami  this  w  ill  increase  as  the  age  of  the  wooden  ties  approaches 
ten  years,  as  they  will  then  retjuire  respiking,  adzing  of  the  seats,  etc. 

Wkstkkn  Uailwav*  (gauge,  4  feet  S.]  inches).— It  was  stated  in  my 
original  repoi  t  (p.  80)  that  the  metal  ties  used  on  this  line  had  been 
designed  and  made  by  ^Ir.  ('hrti^])ee,  of  Mans,  but  1  am  iidbrmed  by  the 
director  of  works  of  the  i-ailway  ami  also  by  ]\Ir.  Chai)pee,  that  the  ties 
were  designed  by  Mr.  Bouisson,  engineer  of  the  railway,  and  that  i\Ir. 
Chappee  cast  the  chair  (according  to  the  plans  prepared  in  the  railway 
coinj)any\s  oflices)  upon  the  steel  channel  bars  sent  to  him,  the  bars  being 
rolled  at  thes  Ibergues  works. 

In  Decend)er.  18S!),  the  comj)any  laid  5, ()()()  ties  of  this  ty])e  on  3.10 
miles  of  the  line  from  N'irotlay  to  Mans,  the  ties  difl'ering  slightly  from 
those  laid  in  18S7.  In  the  later  ties  the  channel  bar  is  not  shari)  Cor- 
nered,  as  shown  on  Plate  7  of  the  original  report,  but  has  corners  of  0.08 
inch  radius,  not  concentric,  giving  a  thickness  of  0.45  inch  at  the  corner, 


26 


rSE  OF   METAL   KAI1.1:<>AI>  IIE^. 


O.cili  iiuli  Inp,  ami  n..>  im  h  at  the  lowt-r  ftl;xes  nl*  llie  .siilfs.  Tlio 
depth  is  .'$.2  inches,  with  the  chairs  projectiug  l.G  inches  bch>\v.  The 
tic  is  S.2  I'cct  loiij^  anil  S  inches  w  i<le  over  tlic  channel.  This  bar  \\  eij;hs 
ll'7.<>  ponnils  and  tlie  two  easiin«;s  lL*4.."i  jHMnuls,  or  L'."»l.M  jMiunils  in  all. 
There  are  10  ties  to  a  rail  L'»;.i'i  i^et  longhand  with  snsi>endetl  joints  the 
Joint  tie<  are  spaced  1*1  int  lies  <  enter  to  center,  the  next  ties  I'S.S  inelu*s. 
antl  the  intermediate  ties  34  inches.  The  rails  are  «loul)le-headed 
section,  wei;,diiii;r  »  pnnnds  per  yard.  The  ballast  is  of  saiul  niixeil 
with  ronnd  j)el»]>h  >.  ami  the  ties  arc  laid  on  curves  and  jrrades.  on  one 
track  of  a  double  tra«  k  line.  Then*  are  aljont .'»()  passe n;;er  and  frei;,dit 
trains  per  da\  on  eacli  track,  tlie  speed  \  aryin«^  from  IS.r.  to  VJ.'*  mile> 
per  Ikmii.  and  tiie  niaxiinniii  train  load  bcin^  KK)  tons  with  40  four 
wlierlctl  (  ;n  >.  The  liea\  iest  i  iiLTiiuvs  (which  have  trucks  like  American 
en^nnt'si  \\(*i;;h  ahout  inr».r,(M)  pounds  without  the  Tmders.  wlii<  li  wei^^di 
GO.r.nO  luunuls.    The  wheel  base  is  l.'4.1  feet. 

In  June,  ls:>l.  the  tbllowinjr  otlicial  statement  was  furnished,  si;,nied 
by  the  director  of  works  ami  by  Mr.  A.  Houissiui,  eiij^dneer  of  nuilerial: 

Thf  \Vt«st«  rii  Kail\v:iy  nu  tal  <-lianiicl  ties  in  si-rvici'  on  th«*  lino  from  \  iroilay  t4» 
Mans  number  r».nnn.  They  were  plared  in  Deeeniber,  bet  w«*en  kilometers  158.7S 
ami  nUi.TS  (a  tlistan«e  of  'AAO  miles)  on  the  <lown  line  near  the  Ktatiou  of  Theil.  A 
first  inspertion,  nia<le  in  ISiU.  sliowe<l  that  the  ballast  maintained  itself  badly  in  the 
interior  of  the  ehannel  between  the  rail  ehairs  and  the  ends  of  the  ties.  To  remedy 
this  ineonvenienee,  50  of  the  ties  were  clo-sed  at  eaeh  end  by  means  c»f  an  iron  plate 
bent  in  ehannel  shajte.  with  its  sitles  riveted  t<»  the  tlanges  of  the  channel  of  the  lie. 
This  modilieation  was  complete<l  in  December.  l^<;n.  A  new  in8]>eet  ion  of  these  ties, 
made  durinj;  the  month  of  May,  1S91.  hasresnlti'd  in  the  folbiwiiif;  observations: 

The  ehairs  east  on  the  tie  remain  lirmly  attaehe«l,  and  there  i.s  no  play  between  tlie 
eastin;;and  the  ehannel  ir«)n.  There  is  no  traee  of  oxidization  or  deterioratiitn  t»f  thr 
channel  iron.  The  track  isiti  very  «;oo«l  contlit ion  and  is  inperfe«-t  ali;j^nment.  Tlu-re 
has  not  been  any  sensible  ditVeronce  observed  between  this  track  and  the  track  laid 
w  ith  wooden  ties,  except  that  there  is  a  vibration  of  the  ballast  at  tlie  ends  of  the 
ties  not  <  losed  at  the  ends.  The  appi  arance  of  the  track  where  the  ties  ha\e  closed 
ends  is  exactly  thesame  .-is  that  with  wooden  ties.  The  balhi^ttin*;  is  t;enerally  j^oo^l. 
the  balhust  beinjj  very  compa<  t  antl  well  ]iacked  under  the  tie.  Of  two  ties  taken  out 
for  examination,  the  one  with  closed  ends  had  the  ballast  tightly  compacted  betwe<'n 
tlic  tlanges  of  the  tie,  forming  a  solid  mass;  while  in  tln»  tie  with  open  ends,  the  enils 
were  empty  for  a  distance  of  about  I  to  14  inches.  Tlif  tra<  kmen  state  that  the  tics 
w  ith  clo.scd  ends  :irr  as  stable  as  the  wooden  ties. 

The  maintenance  expenses  tend  to  diminish  year  by  year.  Tln»  tabic  gives  the 
exp«*n8e  jM-r  mile  each  year  on  the  down  line  laid  with  nu  tal  ties  :intl  on  the  corre 
sponding  part  <d'  the  up  line  lai«l  with  wooden  ties,  showing  that  the  m.'iintenance 
of  the  former  for  the  last  two  years  was  about  ICto  I'J  jier  cent  more  expensive  than 
that  of  tlu"  latter.  Tin-  renewals  ha ve  Ih'cii  on  a«  coiint  of  the  fr.'u  tiire  of  tin-  jaxss 
uf  the  chairs  (  holding  the  rails  \ : 


tirn. 

1  vceiM 
fur  iiH'lal 

Nnnibrr 
of  ntptal 

tie<t 
r<«ni-wcNl. 

$158.06 

i  -  ■  1                           90.  :i2 

\mi   67.71 

1883    87.09 

♦70.  W 
61.29 
61.20 
77.  42 

♦R7.09 

6.  45 

II 

V 

31 

fi:i:n('ii  1^\1L\VA^  s. 
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A  similar  ;irr;iiiLiOiiH'iit  of  t  ic  was  i  ii  Ncutcd  in  Iji^land  in  ISd;;  1»\  tlic 
( )--l»()iiH'  llcy  iKtld.  as  noted  in  Apix-iidiv  I.   ■  1 1  isl  ( nica  I  Notes," 

An  I'/.i  N  M  i  N  i:s  i  uau.uc  I  leet  SA  inches). — ( )ii  tlie  i-jiil\vay  at  I  lie  A  nt  /  in 
mines  liiereare  l."">l)  lioyenx'al  Ponsai'd  steel  tics,  S  Tccl  .1  indies  lon;^-, 
witli  Itasc  plates  j'or  T-iails,  and  wci^liini^-  1  l(>  ponnds  each,  inchidin^ 
allaclinu'nrs.    'I'lic>'  w ci'c  laid  in  ISSS  on  a  len«itli  ol"  led. 

I'AIMS  S  ikm;i:  r  IJaii.wvn  (,n-an<;-e,  1  feet  S.]  iM(dies). — 'I'lie  CompaLiiiic 
Cicncralc  di's  ( )mni1)ns  de  I'aris.  in  lS!)l!,  laid  1,001)  of  l  he  I'>oycii\  aI- 
Ponsard  steel  lies,  w ciuhin.ii  •">0  pounds  eacdi.  on  a  lenutli  ol"  miles 
1,:>00  feet. 

Tol  K'S  AM)  \  nrvi:AY  Steam  Tuamwav  (•i'an.n-e.  1  feet  SA  in(dies). — 
'I'lds  liiH'  lias  7,7."i()  lioyeiival- IN)nsar<l  ste(d  ties,.")  I'eet  0.]  incdies  lonii', 
and  weiuliiiiii-  (II  ])()unds  each,  inelndin^-  tlio  base  ])lates  for  tin'  liroca 
^i  ()o\  ('d  l  ails.    Tliey  were  laid  in  ISSt)  on  a  len,ntli  of  \  miles  LM*."'>0  leet. 

TIKS. 

liotienral-PoHnard  lies. — Tliosc  steel  (l()ul>le-clianiiel  ties  Aver(>  deseribod  in  full  in 
niv  oriixiii.il  report  (p.  S4  and  IM.  0),  and  have  since,  then  been  introduced  in 
several  ( oimtries,  as  shown  by  the  following  tahle,  for  which  I  am  inde])ted  to  Pon- 
sard  Co..  of  Paris.  The  tie  is  ]iatented  in  this  conntry  (U.  S.  patent  No.  496133). 
Fnrtlier  ])arti(  iilars  ol'  the  sexcral  lines  will  be  Ibiindin  their  respective place.s.  The 
n()0,(^(X)  ties  lor  the  Preuch-Alijeriaii  Railway  arc  to  be  laid  in  replacing  wooden  ties 
during  six  years,  and  the  niaker.s  are  also  negotiating  for  the  8Ui)ply  of  1,200,000  ties 
for  the  East  Algerian  l^ailway,  to  be  laid  in  the  same  manner.  Exclusive  of  these 
items  the  table  may  be  sunnnarized  as  follows: 


Num- 
ber of 
rail- 
way.s. 

Niunbcr 
of  tie.s. 

Len;,'th  of 
track. 

6 
6 
2 
4 

3 

39. 965 
177,  250 
4.  252 

77.  037 
3.57,  OUO 

STiles.  Feet. 
23  15 
101  1,270 
2  2.316 
43  4,671 
204    2, 250 

Asia  (China.  Tonkin)  .'  

21 

655,  504 

374  5,242 

2S 


I'si:  or  mi:tal  kailu" •ad  tii:s. 


Th*'  follow  in;;  talili'  ;;ives  a  detailed  list  «»f  railways  ut«in<;  theiio  ties: 


Cuuutry. 


Franrt- 
Al:;iri:i 

Dn 

Cliiiiu.  . 
Arm-iitiiia  . . . 

Sotiilau  

FriMno  

KoiiKii  

I'urlo  llifn. .  . 
Siiii  I>uiiiin;:u 

( •  r»M'f»'  

Ar^t'iition  .. . 
liruzil  

Do  

Fraiiro  

Hrazil  

lU,  

M:irtiiiii|uo  . . 
Tuiikiii  . 

Al;'t>ria 


JCailway. 


Stall-  railwuytt  , 

liAiii-  (iiH-)iiia  Kwy   

'  \Vi-«t  Algerian  iCwy  , 

I>akarM.  LoiiiH  Kwy  

A iitziii  MiiicH  

lk"li  iiwv..  rariH   

I'ort  Artliiir  liwy  i  3 

.1  (Not  »lat<Ml»     .  *  

.  Kayt-HHalVulalti"  Kwy  

.  I  T«uirH  \'ouvray  i  4 

.   15flgiaii  KoU;:o  Kwy  

I'orlo  Kii  o  Kwv  -  •  

. '  Ci'iitral  Uomiiiu-an  Kwv  

.|  Diaroiihto-Kalavrvta  Ifwy  ;  2 

.'  (Not  stat<  <l)  .  . ..  *  

.1  Ceiitnd  linizil  Kwy  

.1  iio  ;  

. !  Co.  Cton.  dea  ().  do  Pnrio  


 do  

Ilnnoi  Tramways  

Alexandria  and  Cuiru 
Frt-'uih •  A l;;c'rian  K wy 

Total  *  


iiilM-r 
ik««. 

Weigiit. 

I.i-ncili  of 
Inu-k 

1  >at<4 
bid. 

>Tf.  In, 

Pounds. 

MiU$.  FmL 

4 

8 

2C0 

140 

780 

4 

8 

■J 

127 

1  2.550 

4 

8 

'J.' II 

140 

750 

).■■«« 

3 

3 

r«'j.  ouo 

M) 

30  0 

4 

8 

i:.o 

U« 

450 

)... 

4 

8 

]o5 

140 

315 

1--- 

3 

3 

4,2<iO 

70 

2    2  160 

4 

8 

1 

4.500 

93 

2    3.  iMHi 

l^^«y 

a 

8 

3.000 

55 

1    1  750 

4 

8 

7, 750 

01 

4  2,250 

IHh-y 

2 

6 

112.  ."to 

70 

04  0 

iKMli 

3 

1 

50 

1K9  0 

l8yo 

2 

I' 

'J.'i  IMKI 

<M 

U    1. 500 

2 

6 

10  0 

1  flNI 

4 

s 

00 

4    3  111 

\m 

3 

75 

14  1.500 

1K9I 

5 

3 

106 

21    3. 12U 

1K91 

4 

4.000 

50 

2    1  500 

1H92 

3 

I 

! 

750 

75 

2  250 

5 

7M 

106 

2.250 

i::; 

3 

9 

2,000 

55 

1  750 

3 

52 

57 

150 

4 

21 

7.500 

167 

4  1.500 

lKt>4 

3 

0 

000.  ouo 

80 

500  0 

1894 

055, 504 

•  ExfliiMivo  of  the  last  nanii'd  raihvav.on  whiili  ili.-  tiis  ari-  to  In-  laid  in  annual  nntwaN  ilunnjiBix 
years. 

Ihif'<iiirfi('.—'V\i\s  '\s  a  strel  t ic  of  t roii;;li  or  cliaiiin  l  si-rtioii.  widi  rail  fastenin'.rs 
coii.si.stiiiLi  of  .iiiixU'  l)ars  aliont  !!  or  I  iiidirs  loni;.  Tlu*  vd'^i^  of  the  liaii;;*'  of  the  bar 
i.H  biMit  down  ill  a  hook  .^ihapr.  an  1  passrs  throii-^h  a  hoh-  in  tin-  tic,  the  hook  eud  hear- 
in  i;  n|>oii  the  iiiidcT-  sm  lace  ol  \\u-  t  i<-.  A  l»<)lt  passt-s  tliroiiixh  the  an;:h>  h.ars  and  t  hi' 
wel»  of  the  rail. 


( 1  I".m:i:  \  1 .  i:  i:m  \  i:  ixs. — 'I'lic  Nci  Ikm  IimkN  .^t  ai  c  1  v';iil\\";iy^.  on  wliieli  ilic 
well  k  now  II  To-I  >Iccl  lie  lias  l»ccii  \cr\-  \ I  en  \fl  \'  n^rd.  lia^  abaii- 
(loiird  t  lie  I'm  I  liri-  ii^c  ol'  >iicii  I  ir>.  noi.  liow  rr.  on  acfoiiiil  of  ^ailnl•^• 
o^  I  Ik-  t  1  m  t  tor  li  na nci.U  1  ra -on^.  Tin'  o] (in  ,i !  i n u'  cnnitany  Icaso.^ 
tin-  rail\v.a>>>  1  n-loii  u  i  1 1  -  l  o  tin-  -lalc,  and  a<  tlic  laHer  lia^  llir  liu'lit 
to  a---^nnn'  ciMil  lol  at  any  time,  t  lie  company  na  I  ii  rally  <loes  n<»t  Ircl  w  ar 
ranted  in  makinu'  licixy  iaipi  o\ fiiicni  ex  pnidi  I  nrcs  to  olilaiii  an 
•  '\ciitnal  (•(•(iin>ni\-  of  w  liicli  it  nia\  not  rca  |  •  1  lie  I  m-i  irti  I . 

>////i//n/n/  iif  iiithtl  Irth  k  in  Hi'ildiuL 

Diiteli  Central  Railway  (IKMT.)   i.H^* 

Diiteh-Kh.'ni.sh  Railway  (lS«.->)   '1 

Ilollan.l  If.ailway  (ISiU)   llL'.  <«• 

Nelli.  rlaiidH  State  Kail way8  ( 189-1 )   lOn.  (H» 


Tnlal  for  1S!)1 
Total  for  l.s'.Kl  


IK  >l, LAND    K'AII,\V  \VS.  29 

Il(H.LAM)  1^AI^\VA^  *  (uau.m',  I  Irct  SA  iiu'lics). — 'I'lic  (loiihlc  (rnck 
line  IVoiii  AiMs((M<l:im  t<>  NViiit  crsw  \  >lv  has  :i  Icii  li  ol  LMI  miles  with 
l,Sl*7  tics.  Tlir  tiack  is  laid  w  illi  oak  and  red  piiic  lies,  S.  I  hy  (>  inches 
section  and  S  itM-t  (i  inches  loiii;,  w  eii;lmi.i;'  IST  ponnds  and  l  pounds, 
respect i\ely.  I'hcsc  ties  are  iniprei^iiated  wit h  chloride  of  /inc  under 
a  pressure  of"  OOjK Hinds  per  sipiare  inch,  t  he  sola t  ion  containing'  10  parts 
ol'watertol  pari  ot'  idiloride  ot"  zinc  ol"  I  neaiinie.  'idie  other  track 
is  laid  wil  h  mild  stt'cl  I  ics,  S  feel  (i  inches  loni;,  L'.d  inches  deep,  the  joint  - 
ties  (w  ith  lc\el  siirl'ace  and  inclined  base  plates)  w ci- liiiii;-  110  [)()unds, 
and  the  intermediate  ties^beiit  to  yi\"C  the  iiielinatioii  to  th(M-ail)<S5 
pounds.  The  rails  \vei<ih  70  i)oun(l8  per  yard  and  the  rastenings  are 
of  •;il)s  and  vertical  cotters  (as  lu  PI.  17  ofiuy  ori;L;inal  leport)  on  the 
intermediate  ties,  and  bolted  clamps  on  tlie  joint  ties.  The  intermedi- 
ate tics  are  spaced  :>  teet  apart  and  the  joint  ties  22.G  inehes.  The  bal- 
last is  of  sand.  On  this  section  there  are  24  passenger  trains  (includ- 
in,i;  11  expresses)  and  lo  freight  trains  daily.  The  exi)ress  trains  weigh 
about  200  tons  and  have  a  speed  of  43  to 50  mdes  per  hour;  the  ordinary 
passenger  trains,  (iO  tons  and  25  miles;  the  freight  trains,  <S0()  tons  and 
10  miles.  The  lieaviest  load  i)er  axle  of  th(i  loeomotives  is  11  tons. 
The  average  annual  e\i)ense  during  the  i)eri()d  of  1888  to  1890  was 
>!ll(l.77  per  mile  tor  the  track  with  wooden  ties,  and  8210.35  for  that 
w  ith  metal  ties.  The  deterioration  of  the  metal  ties  eonsisted  i)riuei- 
])ally  in  eraeks  at  the  rail  seat,  resulting  from  the  hammering  of  the  rail* 
and  in  w  ear  of  the  fastenings  occasioned  by  the  track  bemgout  of  line. 
The  ties  were  considered  to  be  too  light,  too  thin,  and  too  shallow,  and 
the  fastenings  too  weak.  Since  187()  the  company  has  laid  112  miles 
with  metal  ties,  but  since  1891  has  abandoned  them  and  decided  to 
replace  them  with  wooden  ties. 

Netherlands  State  Kailways  *  (gauge,  4  feet  8i  inches). — In  my 
original  rei)ort  was  given  a  table  (p.  97)  of  the  cost  for  maintenance  on 
the  ditlerent  divisions  having  metal  ties,  and  I  give  below^  the  addi- 
tional figures  for  1888,  1889,  and  1S90,  as  presented  at  the  International 
liailway  Congress  in  1892,  and  also  for  1891,  1892,  and  1893,  as  sent  to 
nie  by  the  chief  engineer  for  the  purpose  of  this  report.  The  foHow^- 
ing  is  a  summary  of  the  information  [)resented  at  the  congress  in  regard 
to  iIm'  comparison  of  wooden  ties  and  Post's  steel  ties  (types  Xos.  viii 
and  IX,  .sec  PI.  s  of  the  original  report)  on  two  new  sections  of  the 
Ijiidhoven-Achel  division  of  the  Liege  and  Limbourg  lim^  The  trial 
included  1 ,12(>  wooden  ties,  9.)  steed  ties  ot  No.  \  li  I  section,  and  93  of  No. 
l\  section.  The  ties  were  spacM'd  2  teet  apart  at  joints  and  3  feet  inter- 
mediate. Many  of  the  wooden  ties  broke,  owing  to  their  being  too  thin, 
and  many  of  the  si)ikes  were  also  broken.  With  the  metal  ties  there 
were  no  breakages,  but  some  cracKs  occurred  at  the  l)olt  iioles,  and  the 
fastenings  were  not  considered  sullicient  on  curves.  The  wear  of  the 
bolt  holes  caused  a  slight  widening  of  the  gauge,  which  did  not  occur 
with  ties  having  a  cast  iron  tie  plate  between  the  rail  aiul  the  tie.  The 
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l»nlt>  kfpt  lijrli! .  Tin- ties  wtMe  mild  >ti'ol,  (».:>«;  tt»  o.il  iin-h  thick 
umler  tin*  rail,  and  wi-i^lied  117.7  to  lls.7,  wliirli  wa.s  cuu8idt*ied  sulli- 
i-ieiit  lor  .siu  h  a  line  with  iiicxleratc*  tratlir.  The  heaviest  eugiues  weij^h 
tons  on  1  axles*  with  a  wheel  Ijase  ot*  L';3  tn  t :  the  *rreatest  load 
jM  r  axle  heinj^  l.">  tons.  Tlie  re^^^nlar  niaxininni  >im  «m1  is  Hi  miles  per 
hoiir.  J  he  detects  iibove-mentionecl  lia\  e  been  reeogiiizeU  for  some 
ViMis,  ami  on  the  divisions  Nvitli  tin-  li«  a\ iest  tralli*-,  such  asthe  Venlo- 
Flessin;:«'n  hue.  there  was  al>«»  wear  of  the  metal  b\-  the  llan^^e  <d"  the 
rail.  ()n  taii;:riiis  this  wear  was  nndci  i  he  inner  edj^e  of  the  rail  llan^jje, 
cansini:  a  ti;:litn('>s  ot  «^anLH*,  while  (tii  euiAcs  it  w  as  under  the  outside 

fd-c,  cauMiiu'  a  >la«  k  ^^anut'.    Tin-  liallast  wa'-  of  j  i  quality,  luaiiily 

•>aiid  <"l  dilh'ient  <le^rees  of  coar-^eiu  ^v.  and  it  was  pointed  (»nt  that 
nirlal  lit'v  rc(|nire  i^ood  ballast  coarse  uraN  ni  InoktMi  stone  i.  and  also 
that  the  lhu-kn«'ss  ot  ballast  should  be  uit-atrr  than  ioi-  w  oud<Mi  t  les. 
A  luoiliiicd  and  lica\irr  toini  of  lie  i>  now  ItcinL:  tiled,  wei'^hin^'' about 
Ml'  pounds,  and  lia\iiiL:  a  double  nduc  on  the  undersnb'  (pi.  H  of 
oiimnal  report  ,  w  liieh  stin»'n>  the  tie  ami  wiilnn  which  lit  tin-  holt 
heads.  A  lew  hundred  i  ie>  ot'  ilii>  type  li.iNc  also  been  htlcil  w  ith 
stamped  lion  cliair>.  the  w  eiuhi.  includiiiu  ehairs.  beiiiir  ]toiinds. 

'riie-e  tle>  lia\e  drilled  instead  ol'  pilliclied  hole-. 

\\  llile  awaitini,^  the   roulls  of    tiie  tesl>   ot'  tiie>e  I'oM    .steel  tic»  of 

inodihetl  Ibrm  tin*  inaiiau'eiinMit  ha>  pro\ i>ioiial  ly  ailopled  for  its  main 
lines  pine  ties  niijtrc^niatcil  w  ith  ciilondc  ol'  /iiic  and  I  hen  creo.soted  (to 
keep  tlie  ziiK'  Iroiii  w  a--liiii  u  i)nl  .  The  l  aiN  n->l  on  -teel  t  je  ]>lales  and 
ai  »•  >ccure(l  to  the  I  ie>  by  clam  ps  a  iid  screw  spii^e>.  The  I'o-t  I  le-jilates. 
with  I  la  I  boi  ioiii>^  and  with  toot  lied  l>orio!n>.  Iia\  e  been  used  exteiisi\-ely. 

In. Inly.  IS'.U.  Mr.  Kallf.  <liief  eiiLrincer  oi  pi-rmancnt  way,  sent  me 
a  Matciucnt  showiiiu  that  the  liii  tlier  use  ol  metal  lies  has  been  aban 
dolled,  not  oil  accoiinl  of  failure  of  the  tie>.  but  bceallx-  the  economy 
due  to  tliei;  ii>e  i->  only  reali/ed  by  reaS(Ui  of  their  \i>wj:  lile.  and  as  ihe 
(loNernnieiit  can  at  any  time  exercise  the  riiilit  to  I  ake  oxcr  I  he  rail- 
ways from  the  ••  (  iniipaiiy  for  the  ( )perat  nui  of  I  he  Netln-i  lands  State 
Hallway^"*  w  liich  ha-es  t  he  raihva>  from  the  (b>\ernment  .it  is  natural 
that  the  coillliaiiy  >li<illld  be  di>lliclilied  to  make  expeiidituies  loobtain 
an  economy  which  may  he  en  |o\  ed  only  by  the  ( lo  \  ernnieiit .  Tin-  state- 
ment i>  as  tbllow  s  : 

We  iiiii^t  iiilorm  \<>ii  that  wi-  liavf  now  <|uit«'  al»aiHl«»iir(l  the  exteuaiou  ol"  tlir  um' 
of  iiH'tul  hlerpcis.  \Vc  <1om1iI  wlirthiT  iiu'lal  .slrt'iuTH  an*  ti>  l»o  coiiKidtTi'd  a«  iiio.st 
ttttcd  for  oiir  railways,  the  roaillicd  liciii;;  ol'ti-u  of  a  inarMhy  iiatiiru  and  tho  lialhiMt 
bfjii;;  Mjindy.  lint  ev«'ii  if  tins  doubt  <lid  not  fxi.st,  th«  heavy  "iithiys  ftir  a  inoro 
c(».stly  t'oiiHtriU'tioi)  of  th«  iMTinatieut  way  (which  oiithiys  ."iro  oidy  t«»  he  roinilmrMHl 
hy  a  lon;nT  duration  of  that  more  cogtly  ronstructnui )  do  iu»t  a;;ree  with  our  present 
lea-He  of  the  Stat*'  rndwayH,  as  that  h-ase  i.s  only  temporary,  and  a.s  the  contraet 
authorizes  the  Government  to.  at  any  time,  take  the  opcr.ition  of  the.se  railways  into 
il.Hown  hands,  the  poMsiliility  rxiKt.H  that  the  heavy  outlays  would  only  bcnelit  the 
State  and  !•»•  only  a  Iush  to  the  roiniiaiiy. 
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We  nso  now  iinpn'i;ii;it»  (l  woimU'ii  (ii-s,  wiili  ll:it-l»»Ht«»iiHMl  1  it^-pl.-itrH,  tlio  rails  nnd 
plates  lu'inn  lastcinil  to  tin-  tii-s  by  sciow  spiU»«H.  (Scr  Vml  ill  oltliiH  report — K.  L. 
K.T.).  Tlu' Idollit'tl-hnttom  ti('-plat<'S  lia\  o  (nil\  Ihmmi  used  lor  a  vrryslioi  t  tim«»  and 
are  not  nsfd  any  more.  They  destroyed  the  ties  ami  were  a  coinideto  failure.  As  to 
tlu'  results  of  our  e\perienee  with  the  metal  sleeperH,  wt*  refer  to  our  notes  ]>iil)lislieil 
in  the  report N  nt"  t he  meetings  ol"  the  International  K'aihvay  ( 'oiiLiress  at  Paris,  Sep- 
tenilM  1  II  to  ^  ^  <•!.  II.  ^Miesi  inn  \  II.  Lr  1 1  er  ( ' .  A  1 1 1 1  e  \  A  >.  aiol  at  SL  reterslnii'^ 

in  August  ami  S(  pi eiiil>er.  IS!ti.'  (  NOI.  I.  (,>iiesl  ion  \  ill.  Let  ler  I'..  Note  ill  t.  As  a  con- 
tinuation of  the  hitler  we  send  \  on  a  tahle  ji;i\  iii.u'  the  anionnt  ol"  ina  i  iil  ena  mr  work 
ol"  the  '-'7  see  I  i  o  ns  ( 1 1 1  li  u  u  I  he  .\  «•aI■•^  ISiH  .  |S!lL',  and  IS'.):;.  'I'o  this  we  may  .old  I  lial  the 
met  a  I  I  ies  with  dri  lleii  hoh's    i  \  e  ninch  Ixt  ter  results  t  ha  n  t  hose  w  i  I  h  pu  ii  c  hedlioles. 


Ir'nil  tidcLs  Willi  iidddi  II  (111(1  irilli  iiit  lul  lie 
Jutilirai/H  <  'oiiijKttii/. 


.\<  IhrrlinidH  Shdc 


i>i<iii. 


Cdsf  (tf  nininteiiniico  ]H'r  I  ? 
<l;iy  per  kiloiiR-ter. 


1887. I  1888.  1889 


Li^•l^«'•T^>Il<^m><  (wood)-. 

Do..  

lUlst'ii-Hii.s.st»lt  

Lietie-'r<in<ire8  

Liers  Fl»'-iiialle.  

ToiitiresHilsfii  

IJilHen  Ha.ss.  lt  

Li«{:t' Toiijires  

I>«»  

D..  

Do  

Wo  

T)o   

Do  

Liers  Fli  inallf  

Do   

Ila.sst'lt- WiirliTiiat'l. . . 

Wii.hniaeiAclifl  

Hassflt  Wij(  liiii,iel  . .. 

Do  

Do  

AriiilKinilliovt'ii  

Do  

Do  

Do  

Do  

Do  


:  Fr'm. 
■  0.  42:5 
.  .842 
1.  l.-Jf) 
I  .552 
.  .  573 
I  .040 
.023 


Fr'ci. 
0.  273 
.452 
2.  020 
1.499 
1.310 
.  268 
.  923 


I  .746 
1.610 
1.000 


.534 
1.511 

.472 
1.  690 


Fi'cs. 
0.  769 
.  582 
1.520 
1. 140 
2.617 
2.  4H7 
2.  593 


.297 
.227 
.595 
.583 
.429 
.802 
.  051 
.492 
.252 


2.  240 
1.217 
.487 
.346 
.511 
.470 
.842 
.  203 
.498 
.  186 
.841 
.094 


1.533 
1.047 
.730 


102 
424 


1. 190 
.  904 

1.225 
.  553 

1. 101 
.447 
.492 
.  940 
.  075 
.007 


Fr'm 
0.  835 
.473 
.  031 
.  125 
.912 
.  280 
1.155 


>000 
9 


.  125 
.598 
.185 
.798 
Kil. 
.  097 
1.470 
1.  053 
.281 
.250 
.625 
.231 
.226 
.351 
.090 
.398 
.297 
.412 
.414 


t614 
3 
7 
11 
49 
46 
31 


1,594 
158 
00 
279 
7 
711 


54 
323 

30 
108 

97 
7 


140 
234 
13 
41 
356 
7 
14 
■  35 
31 


Bolts 
worn 
and 
loos- 
ened. 


.5,123 
2,  705 
2,  568 
824 
1,660, 


1 

621 
9,  050 
972 
1,974 
7,  377 
156 
145 
192 
109 
014 
98 
110 
318 
188 
352 
271 
12 


Cost  of  mninto- 
nanco  per  day  per 
kiloniet«!r. 

I  ear 
laid.* 

1891. 

1892. 

1893. 

Fr'cs. 

Fr'rs. 

Fr'cg. 

0,537 

0.  801 

C.884 

1881 

3.  027 

1.  106 

.  642 

1881 

.  900 

1.578 

.316 

1881 

.  293 

1.409 

1. 100 

1S82 

2.  Oil 

1 . 802 

1 . 958 

1882 

.907 

1.254 

.351 

1882 

1.200 

1. 110 

.385 

1882 

1883 

.255 

.583 

.292 

1889 

.507 

.794 

..328 

1883 

.822 

.077 

1.277 

1883 

.270 

.  853 

.423 

1H83 

.708 

3.  721 

2.  008 

1885 

.948 

.238 

.474 

1887 

4.712 

None 

1.896 

1886 

3.  550 

None 

2.  889 

1886 

.372 

.886 

.548 

1881 

.730 

.717 

.618 

1881 

.293 

.517 

.-121 

1882 

.331 

.410 

.036 

1883 

.  945 

1.744 

.:J34 

1883 

.  096 

.  325 

..502 

1883 

.010 

.  091 

.550 

1884 

1.493 

.  531 

.494 

1884 

.  052 

.500 

.327 

1885-'86 

None 

.562 

.986 

1887 

.081 

1.126 

.705 

1887 

Wooden  ties. 


t  Biokcn  tics. 
TIK.S. 


J  IJrokcn  si)ikc3. 


Post  tics. — The  inventor  ol"  these  w(dl-know  ii  ties  bavinoj  ])een  in  tin;  I)ut<di  East 
Indies  sineo  IHW),  he  has  not  kept  himself  well  informed  as  to  the  experience  of  roads 
using  these  ties,  hut  writing  in  April,  ISJIl,  from  JaA\'i,  ho  stated  that  ])rol)al»ly  about 
l.oOO.IHK)  of  the  Post  ties  (with  thickened  rail  seats  and  inclination  of  1  in  I'd  <.jiven 
to  tlie  rail  seat  directly  in  the  rolling  of  the  tie,  as  described  in  my  former  re])ort) 
are  now  laid  in  ICurope,  Asia,  South  Africa,  and  the  Argentine  Kepuldic.  TheSumatra 
State  Railway  (Sfeet  fi  im  lies  gauge),  iu  operaticm  since  is  laid  entirely  with 

these  ties,  but  they  have  i)unched  instead  of  drilled  holes.  They  are  giving  excel- 
lent service.  The  improvement  of  drilling  instead  of  jmnching  the  holes  has  1)een 
introduced  since  IW.*,  and  is  exp<-cte(l  to  have  a  favorable  inllueneeon  the  life  of  the 
ties,  owing  to  the  reduced  liability  of  cracks  starting  at  the  bolt  holes.  'J'hc  Post  ties 
with  drilled  holes  have  been  laid  on  the  lines  of  the  Dutch  South  African  Railway, 
in  the  Transvaal  Republic,  and  on  the  linesof  the  Netherlands  State  Railways.  The 
ties  tried  on  the  Eastern  Rail  way  of  France  were  found  to  bend  under  traffic,  not 
being  still"  enough  to  carry  the  traffic  to  w  hi<  h  they  were  subjected. 
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BELGIUM. 

General  Remarks. — On  tlie  State  Railways  metal  ties  are  not 
regarded  with  favor,  altlioug'li  extensive  experiments  have  been  made. 
A  great  increase  iu  cost  of  maintenance  over  that  for  track  on  wooden 
ties  is  reported,  while  the  unsatisfactory  results  are  also  said  to  be  du- 
to  the  high  speed  trattic.  The  evidence  in  this  direction,  however,  is 
by  no  means  conclusive,  since  in  other  countries  a  reduction  in  maine 
tenauce  expenses  has  been  observed,  even  where  there  is  a  fast  and  heavy 
traffic.  The  excessive  weight  of  these  Belgian  ties  has  been  commented 
upon  in  my  original  rei)ort.  The  Great  Centlal  Railway  has  had 
continued  satisfactory  experience  with  its  metal  ties,  which  are  of 
wronghtiron  instead  of  the  more  usual  mihl  steel,  and  similar  experience 
has  attended  the  use  of  steel  ties  on  light  railways  or  steam  tramways. 


tSu)nmartf  of  Metal  'Track  in  Bch/ium. 

Miles. 

Belgian  State  Railways  (1893)  :   155.  60 

Great  CV'utral  Railway  (1S92)   5.  56 

TavicTS  ami  Enibresiii  Railway  (1894)   6.  25 

Local  Railways  (C'harleroi)  (1891)   -      8.  99 


Total  lor  1S!»|   176.40 

Total  for  1890   115.50 


Belgian  State  Railways  *  (gauge,  4  feet  8.^  inches). — During  my 
visit  to  Europe  in  1890  I  was  enabled,  through  the  courtesy  of  the 
engineers,  to  examine  the  steel  ties  near  Antwerp.  The  r>ernard  ties 
had  already  been  taken  out,  and  some  of  the  Post  ties  (laid  in  188()) 
were  being  taken  out,  the  principal  defect  being  that  they  cracked  at 
the  corners  of  the  bolt  holes,  an  objection  which  Mr.  Post  has  avoided 
in  his  later  ties  by  the  use  of  circular  holes,  with  ribs  on  the  underside 
of  the  tie  to  fit  the  square  heads  of  the  bolts  and  prevent  them  from 
turning,  as  stated  on  page  101  of  the  original  report.  In  the  storage 
yard  at  Antwerp  were  a  number  of  steel  ties  with  a  crack  at  the  mid 
die,  starting  from  the  lower  edge  and  running  up  the  side.  This  was 
explained  as  being  due  to  defects  in  the  metal.  It  was  also  objected 
that  the  ballast  (small  broken  stone)  compacted  to  such  an  extent  as 
to  hold  the  water  and  be  i)nlverized  or  gradually  churned  into  mud. 
On  the  whole,  the  engineers  were  not  favorably  disposed  toward  the 
metal  ties,  but  my  observation  was  that  they  made  a  very  easy  riding 
track,  with  less  pounding  of  the  joints,  due  probably  to  the  security  of 
the  bolt  fastenings.  In  1892  Mr.  Janssen,  one  of  the  engineers,  pub- 
lished a  statement  making  a  very  unfavorable  showing  for  the  metal 
ties.  This  statement  gave  a  summary  of  five  years'  experience  with 
the  Bract  and  Post  ties,  both  weighing  105  pounds,  but  having  differ- 
ent forms  of  cross  section.  There  were  V2  ties  to  a  rail  length  of  29  feet 
6  inches,  and  the  rails  (weighing  70.0  pounds  per  yard)  Avere  fastened 
to  the  ties  by  clamps  and  bolts.    Observations  were  made  on  4  sections 
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of  tviu-k  with  metal  t  i(*s  and  1  sect  ion  with  hall"  k  Mind  crcosntcd  oak  t  ics. 
It  was  tonnd  \  ery  dilVicnlt  (o  Icccj)  the  iiu'tal  tic  track  in  ^^ood  condition, 
pari  icnlarly  as  ilic  slonc  haihisl  hccanic  |inl\  cri/.cd  1»\  (he  tics,  so  tiiat 
new  ballast  had  lo  he  added  in  1S!)1.  The  lies  showed  cracks  at  the- 
holt  hoN's.  and  onl  of  iMO  lies  ol'  each  t  \  pe  that  were  carcrnlly  cxain- 
iin'd  77..")  per  ecu  1  of  I  he  liracl  lies  and  17.1>  |»er  ccid of  the  I'ost  lies 
wcri'  nioie  or  less  cracked.  I '  j)  lo  liie  I  iiiie  oT  Mr.  dair^sen's  st  a  I  cine  id 
the  track  Willi  metal  tics  had  cost  lor  nia i n I ciia nee  ahoul  1!>  limes  as 
mncli  as  the  track  wilh  oak  tic>,  while  many  of  the  metal  ties  were 
dama^cil  lo  >in"h  an  extciil  that  they  wonld  soon  liaxc  to  he  renewed. 
Tlic^e  timires.  how  ('\ cr,  can  m»t  be  taken  as  c(niclnsi\-c  c\  ideiicc  a.uaiiisl 
metal  ties,  as  (piitc  opposite  ri'sults  are  reported  from  other  roads,  while 
the  accnracN  of  ]\Ir.  .lanssen's  liiiures  (u;iven  in  the  rollowin<i'  table)  lias 
been  called  in  ([iicsiion,  as  show  n  in  tlui  paragrai)h  on  the  lOiiiperor 
I'V'rdinand's  Northern  Railway  (Anstria)  on  another  i)a,ue. 


Tyiu'  of  tie. 

Length  of 
sectiou. 

Hour.s  labor  per 
year  per  mile. 

New  material  per 
yeai'  per  mile. 

Cubic 
yards 
stone 
ballast 
added, 
1891,  per 
mile. 

1,570 
1.  62G 
1,  52G 
1. 153 

Cost  of 
mainte- 
nance IXT 
year  per 
mile. 

.  Surfac- 
ing, etc. 

Tighten- 
ing bolts. 

Bolts. 

Spriufj; 
washers. 

1,147 

1, 179 
1,  052 
1,164 

Feet. 
4,396 
6,  792 
3,619 
3, 183 
2,  6!t7 

4, 266 
3,114 
4, 140 
2.  940 
4GG 

519 
504 
446 

5G2 

310 

347 
252 

333 
76 

.$453.  80 
420.  80 
447.  10 
462.  80 

2:i.  15 

Hraot  

Post  

Oak  

Total  

20,  687 

Labor  at  4.64  cents  per  hour.  Bolts  at  2.63  cents  per  pound.  Ballast  at  74  cents  per  cubic  j  ard. 
Washers  at  4.39  cents  p<  r  i)()iind. 


The  wooden  ties  used  arc  of  lialf-rouiicl  section  with  seats  adzed  out 
by  hand  for  the  steel  tie-phitcs,  but  rectauguhir  ties  are  used  at  frogs 
and  switches.  Belgian  oak  is  i)referred,  being  very  hard.  It  comes 
princii)ally  from  Luxembourg,  but  only  a  third  of  the  quantity  required 
can  be  obtained  thence  and  no  reforestation  is  provided  for.  American 
and  Prussian  oak  are  considered  to  be  grown  too  fast  in  high  country, 
with  the  result  that  the  texture  is  not  close  and  the  wood  is  too  soft. 
Holes  ar(i  bored  through  the  ties  of  the  diameter  of  the  be\'eled  end  of 
the  round  spikes,  and  the  ties  do  not  s])lit  in  si)iking.  With  new  track 
the  spikes  will  begin  to  draw  out  after  a  while,  but  when  once  redriven 
they  remain  tirm.  Screw  spikes  are  also  used  for  the  Goliath  rails  of 
Sandberg  section,  weighing  KM  pounds  per  yard.  Creosoted  oak  ties, 
impregnated  with  3.;^  to  4  gallons  of  creosote  t)er  tie,  cost  about  81.10, 
while  steel  ties  cost  nearly  twice  as  much  in  1SS3  when  steel  was  cheap. 
The  ballast  is  of  broken  stone,  in  some  places  small  andinothers  coarse. 
The  wear  of  rails  is  found  to  be  about  the  same  on  steel  and  wooden 
ties. 

7<>;;7— No.  !•  .; 
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lu  June,  1894.  Mr.  De  Busscliere,  engineer  in  chief,  fnrnislied  the  fol- 
lowing statement: 

We  have  now  no  more  of  the  YautluTiu  and  Hlienish  types  of  metal  ties  on  our 
trunk  lines.  They  have  all  been  removed  on  secondary  hraneb  Hues,  on  sidings,  and 
in  the  yard  tracks  of  our  large  stations,  and  also  in  the  sboj)S  and  locomotive  sheds. 
As  stated  in  your  interesting  report  of  1890,  we  laid  m  1885  and  1886,  on  our  main 
trunk  lines.  17.07  miles  with  ties  of  the  Post  system,  16.12  miles  with  ties  of  the 
Bract  system,  and  3.4  miles  with  ties  of  the  Bernard  system.  The  Bernard  ties  are 
condemue<l  and  have  all  been  removed  except  for  a  length  of  330  feet  on  a  down 
grade  of  1.66  per  cent,  where  they  have  behaved  well;  but  on  all  the  other  sections 
many  failures  have  been  recorded.  The  ties  of  the  Post  and  Braet  types,  when  laid 
on  lines  with  heavy  and  rapid  tiaftic,  show  many  l»reakages  at  the  holes  for  the  rail 
fastenings.  The  number  of  ties  of  these  two  tyi)es  actually  taken  out  of  the  main 
track  on  aecoiiut  of  defects  is  as  folk)Ws: 

(1)  Between'  I.,oavain  and  Liege.  The  l,3l.">  liraet  ties  laid  in  18S6  had  supported, 
before  removal.  110.000  trains,  the  daily  tiafhc  on  that  line  in  each  direction  con- 
sisting of  28  freight  trains,  20  passenger  trains,  and  n)  express  trains,  some  of  tliem 
running  at  sjieeds  of  .")0  to  .58  miles  ])er  honr. 

(2)  Between  liriisscds  and  Autweri>.  In  18^6  there  were  laid  on  the  down  line 
(with  a  desceinliiig  grade  of  1  in  3,2."il»  Post  ties  and  867  Braet  ties,  while  3,194 
Braet  ties  were  laid  on  the  up  line.  Th<'se  ti«'s  have  sujiported  300,000  trains,  the 
daily  service  in  e;ich  direction  being  :5i>  freight  trains.  60  ])assenger  trains,  and  15 
express  trains. 

At  the  same  time  1  icet'ix cd  tVom  tlie  engineer  in  cliU'f  of  permanent 
way  and  works  tlic  following  statement,  together  with  a  table  showing 
til}'  nnmher  of  ties  still  in  sn  vice  on  March  ."51,  18!)3: 

The  Hil f  h)ngitiidiuals.  tried  «»n  a  large  scale  in  l?<76and  1S77,  have  given  jioor 
results  in  the  track.  The  joints  of  the  longitudinals  do  not  correspond  with  the 
center  line.^  of  the  cross  ties  ])lace<l  umler  their  ends;  the  rails  crept  or  shifted  on 
the  lougituilinals;  the  track  became  loose  and  shifted,  and  the  longitudinals  cracked. 
These  defects  being  rapidly  increased  it  l)ecame  necessary  to  take  up  tliis  track  on 
the  main  lin«'s  and  to  jdace  it  in  sidings  and  yard  tracks.  The  Serres  and  Battig 
longitudinals  did  not  give  any  better  results,  and  the  rails  of  special  section  broke. 
The  Vautherin  ties  laid  in  187f>,  under  important  traffic,  will  not  give  any  more  satis- 
factory r<'sults.  It  was  soon  seen  that  these  ties  were  too  light;  cracks  started  at 
the  rail  tlanges,  the  fastenings  were  insecure,  the  track  rattled  and  became  loose, 
ami  the  maintenance  became  very  difficult.  At  the  end  of  a  few  years  it  was  nec- 
essary to  take  them  out  almost  entirely  from  main  tracks  w  ith  imi)ortant  and  fast 
traffic. 

During  1886  the  administration  ]mt  in  service  the  metal  ties  of  the  Bernard,  Post, 
and  Braet  syst«Mns.  The  former  have  been  rajjidly  taken  out,  their  failure  being 
attributed  liy  the  inventor  to  the  (quality  of  metal.  The  Post  and  Braet  ties  are  still, 
for  the  most  part,  in  the  track,  but  a  large  number  of  them  have  cracks,  especially 
at  the  angles  of  the  holes  for  the  liolts  which  attach  the  rails  to  the  ties.  The  pas- 
sage of  trains  over  these  ties  is  considered  to  be  more  noisy  than  over  wooden  ties, 
but  not  so  much  so  as  to  annoy  the  passengers.  The  maintenance  on  the  mam  lines 
is  much  heavier  for  the  metal  ties  than  for  the  wooden  ties. 


BELCT.W    K' A 1 1.  WAYS. 
Metiil  tics  laid  iiikI  in  strrici  mi  tin  lUliiiini  slutv  rdihcnifs. 
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Length  of  single  track. 


SvHifins  of  I  link. 


II  lit  loii-il  iiiliii.ils  ( \vi(  h  I  II 
Total  


I).-.t, 
laid. 


51876 
n877 


Serrrs  A:  Haiti;;  loimit mliiial.s  (witli  cro.ss-ties). 
Soi{:ni«'8  tifs  

VaiitlnTin  tiivs   


1878 
1878 

1879 


Total 


I'o.st  til's  (A)t  

r.nu  t  ti«>8 
H«Tiianl  ties  (C)  ||. 


Total  

Graiul  total. 


1H86 
1880 
1886 


Liii-lli 
laid. 

Ufiiiaiiiiiijj  in  service' 
on  Mar.  31,  1893. 

Main 
trackH. 

Othor 
tra«'ks. 



Miles, /vet. 
31     162 J 
40  3, 730J 

Miles,  /eet. 
j-       1, 155 

Miles, /eet. 
62  4, 090 

77  3,  899 



3,  280" 
1  345 
S    64  1,642 
^    29  4,  297 

33 
1,696 

J-   28  2,  705 

2, 014 
1,489 

26  4,  833 

95  4  284 

28  4.  434 

27  3,  111 

17  3.  884  { 
10  1 .  (".20 
3  2,  610 

17  1,952  1  1.817 
15  4.  WiO  1  800 
3,601          1  4.  121 

37  2,  834 

33  5, 133 

2  1,458 

211  457 

63  162 
155  miles 

92  3,  380 
3,. 542  fV-ot. 

♦88.37  pouuils  per  tie. 

t  Netherlauds  state  railways  typo,  105  iioiuuLs  iier  tie. 

jOf  the.se,  2.300  ties  are  taken  iioiii  tlie  Liege  and  Luxembourg  Railway,  weighing  110  pounds  each. 
§165  pounds. 
11231  pounds 

Note.— On  January  1,  1893.  there  were  in  the  .storeliouses  the  following  materials,  wliirli  the  (li\  i.siou 
engineers  have  been  requested  to  utilize  as  far  as  possible,  except  the  pieces  reserved  for  maiutenauco : 
Hilf  lougituilinals,  1  mile  1,920  feet;  metal  ties  previous  to  1886,  17  miles  2,500  feet;  Braet  ties,  1,850 
feet,  or  19  miles  990  feet  of  single  track. 

The  Beliiiaii  state  railway.s  have  adopted  for  trunk  lines  the  Gohath" 
rail.  104  i)()iiii(ls  i)er  yard  (modified  l)y  Mr.  Fhiinache  from  the  Sandberg 
section),  and  this  is  hiid  on  74:4  miles,  replacing  a  70-poiiud  rail,  which 
is  laid  on  lines  with  heavy  and  express  traffic,  bnt  not  carrying  the 
international  express  trains.  The  ties  are  of  oak,  creosoted  by  contract, 
with  about  2  gallons  of  creosote  per  tie.  They  are  all  of  half  round 
.section,  and  8  feet  <>  inches  long.  Those  under  the  104-poimd  rails  are 
11  inches  wide  on  the  bottom  and  5.G  inches  thick,  while  those  under 
the  7<j-pound  rails  are  10.^  inches  wide  on  the  bottom  and  o.li  inches 
thick.  They  cost  about  ShV2  each,  creosoted,  and  are  estimated  to  last 
ten  or  twelve  years  under  heavy  traffic,  after  which  they  will  last 
another  ten  years  at  least  in  less  imi)ortant  track.  Tliey  are  all  pro- 
tected by  tie  phites,  except  the  joint  ties  of  tlie  104-pound  rails,  on 
wliich  tlic  heavy  tianges  of  the  angle  bars  take  a  bearing^  and  are 
.secured  by  screw  spikes.  The  tie-phites  under  these  rails  are  grooved, 
and  have  tlircc  liok's  Ibi-  screw  si)ikes.  They  are  hy  r).i>  inches,  and 
o..~)<;  inch  tliick  uiidiT  the  rail.  Tlie  si)ilves  are  6.cS  iiiciics  long  over  all, 
0.()4  inch  diameter  in  the  sliaiik,  with  a  coarsely  pitched  thread,  and 
have  circular  h('a<ls  LJ.4  inches  diameter  (with  a  scjuarc  jirojection  for  the 
track  wrenchj,  w  hich  ])ear  directly  on  tlie  rail  llangc  and  the  rib  of  the 
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tie  plate.  There  are  8  ties  uuder  a  rail  13.68  feet  loug,  and  12  under  a 
rail  29.52  feet  long,  spaced  21  inclies  at  tlie  suspended  joints,  28  inches 
at  the  shoulders,  and  32  inches  intermediate.  The  70-pound  rails  have 
hat  tie  plates  one-half  inch  thick;  those  at  the  joints  are  6.8  by  7.1 
inches,  with  square  holes  for  four  spikes,  and  those  on  the  intermediate 
ties  are  1  by  8  inches  with  two  spike  holes.  There  are  12  ties  to  a  rail 
29.52  feet  long. 

(Vkeat  Central  II  ail  way  *  (gauge,  1  feet  8.^  inches). — A  statement 
respecting  the  experience  on  this  road  was  presented  at  the  Inter- 
national Kailway  Congress  in  1892.  There  are  ll,r)21  metal  ties  and 
887.391  nonimpregnated  oak  ties  from  the  Ardennes  on  the  191  miles 
comprising  this  system.  The  metal  ties  are  of  the  J.  P>.  Caramin  type, 
of  approximately  semicircular  section,  with  hattened  top  and  horizon- 
tal bottom  tlanges.  {Set  Plate  Xo.  11  of  original  report.)  The  ties  and 
riveted  washers  are  of  iron,  and  the  tie  plates  and  screwsof  steel.  Bes- 
semer steel  rails  of  haiige  section  are  used,  weighing  76  and  70  pounds 
per  yard,  and  also  OS  pound  buUheaded  rails  lor  branches.  The  joint 
ties  are  spaced  21  inches  center  to  center,  the  shoulder  ties  30.8  inches, 
and  the  intermediate  ties  37.0  inches.  The  ballast  is  of  washed  gravel, 
river  gravel,  stone  broken  to  a  2.1-inch  ring,  and  engine  cinders, 
the  three  latter  being  used  for  the  metal  ties.  The  average  animal 
traffic  for  the  years  1881  to  1890,  inclusive,  was  2,129  passenger  trains 
(aggregating  031,983  tons)  at  37  miles  per  hour,  055  mixed  trains 
(71,078  tons)  at  28  miles  per  hour,  and  2,270  freight  trains  (5,105,000 
tons),  at  10  miles  pel  hour.  The  heaviest  engines  weigh  52.3  tons  on  a 
wheel  base  of  11  feet.  The  ties  were  laid  on  2.5  miles  in  18S6,  3  miles 
in  1SS7,  and  0.6  mile  in  18SS.  The  average  annual  ex,i)ense  for  main- 
tenance of  track  on  wooden  ties  during  the  years  1881  to  1890  was 
8161.87  per  mile  (im.ludiiig  bolting,  tightening  fastenings,  lining,  etc., 
and  replacing  ties,  rails,  and  track  material).  The  average  annual 
expense  of  the  track  with  metal  ties  during  the  years  1886  to  1890  was 
820.16,  which  was  very  low,  because  the  bolts  kept  tight,  the  track 
remained  in  line,  and  there  were  no  renewals  of  rails,  ties,  or  material. 
Xo  defects  had  been  observed  in  the  metal  or  manufacture,  or  in  the 
attachments.  The  track  on  wooden  ties  is  more  elastic  than  thiit  on 
metal  ties  but  tliere  is  no  inconvenience  to  passengers,  and  no  difler- 
ence  in  wear  of  rolling  stock  has  been  observed. 

Northern  Kailway*  (gauge,  1  feet  8i  inches).— The  returns  made 
by  the  Xorthern  Kailway  of  France  for  the  International  Kailway  Con 
gress  of  1892  in  regard  to  the  1,500  Severac  ties  laid  on  its  Belgian  line- 
in  1885,  stated  tliat  they  had  behaved  well  during  about  four  years, 
but  had  been  taken  up  after  the  gauge  of  track  had  been  sensibly 
widened  by  the  wear  of  the  hange  of  the  rail  against  the  lug  of  the  tie 
plate. 

Taviers  and  Embresin  Kailway  (gauge,  2  feet  1  inches).— This 
is  a  local  railway  6;^  miles  long,  laid  with  2S-poiind  T  rails  29  feet  6 


mclics  Inii-.  'riir  lU's  :irc  made  li  (»iii  rail-.  Iladi  I  ic  »■<  m>ists  of 
two  pieces  ot   lail  I  leel   1  I  iiu'lie-^  ami  alxiiil  (»   ilielie-  apart,  w  itii 

t  wo  \v  roll  Li  III  iron  chairs,  t  lie  lo|»  ol'  t  lie  cliair  rest  iiii;  u|»oii  i  lie  rails  and 
toiiiiiiiu  tlie  rail  seal,  w  hile  a  hollow  projection  Ix-iieath  tits  the  out 
lines  ol'  !  he  head,  w  ('l».and  base  ol'  I  he  rails.  A  loni;  ri\  el  pa s>es  l  h ion ^h 
each  chair  and  the  webs  of  the  tie  rails.  The  tra(d^  lails  ai-e  secairiMj 
hy  clamps  and  xcrtical  bolts.  On  taiiueiils  there  are  lour  ties  ((>  a  lail 
leiiul  h.  ;i  lid  on  (air\ cs  11  i  lie  ties,  while  lie  bars  or  brid  le  rods  a  s>ist  t  o 
niaiiilaiii  the  ^aii.uc  on  ciirxcs.  I'lach  tie  wci-hs  pounds,  and  each 
chair  weighs  S.S  pounds.  'The  rails  are  laid  with  sM])])ortcd  joints. 
'The  ballast  is  of  broken  stoni'  and  cinders  I  (M' nches  deep.  Tlicre  arc, 
aboiii  twenty  trains  a  day,  and  the  speed  is  slow.  The  ti'ack  was  laid 
ill  1SS7. 

Local  \\\  i  i.w  ays  ^-  (iiau.ue.  .'*>  feet  iiiehes). — Tlio  Soci^te  Auonyines 
(les  Kail  ways  l  ]coii()ini(]ues.  w  liicli  owns  local  railways  in  diilcrcnt  pai'ts 
of  liel.Liiuin,  has  three  lines  near  Cliarlcroi.  These  lines  run  to  Mont  siir 
.Alarchienne,  l.si;  miles;  to  Lodclinsart,  IM 7  miles;  and  to  Martigny 
le  TillenI,  1.!m;  miles.  The  tirst  has  a  curve  of  115  feet  radius  on  a 
urade  of  '1  per  cent,  and  has  other  grades  of  3.8  and  4.7  per  cent.  The 
second  has  curves  of  S2  to  115  feet  radius  and  grades  of  3.2  to  5.5  per 
cent.  The  third  has  curves  of  82  feet  to  102  feet  radius,  and  grades 
of  3  to  4.7  per  cent.  The  first  two  lines  have  each  one  train  in  service, 
making  15  trips  each  way  per  day.  The  third  line  has  three  trains  in 
service,  making  30  tri})S  each  way  per  day.  The  lines  are  all  of  meter 
gauge  and  are  laid  with  tiange  rails  on  the  Z-bar  ties,  invented  by 
Mr.  Willemin,  of  Brussels,  and  manufactured  by  the  Societe  Anonyme 
de  Marcinelle  et  Couillet  at  the  Couillet  works.  (*SW^  PI.  10  of  original 
report.)  In  paved  streets  the  rails  weigh  60.3  pounds  per  yard,  and 
arc  the  height  of  the  paving  blocks.  Where  the  line  is  laid  along  the 
side  of  country  roads  the  rails  weigh  43.2  i^ounds  i)er  yard,  and  the 
ties  are  bedded  in  cinder  ballast.  Mr.  LavioUette,  the  director,  had 
trie  ballast  dug  u})  on  a  part  of  the  track  that  had  not  been  disturbed 
tor  three  years,  and  I  found  the  ties  in  good  condition,  with  the  iron 
key  fastenings  perfectly  tight.  Each  tie  consists  of  two  steel  Z-bars, 
.").(»  feet  long,  forming  a  channel  4  inches,  open  on  top,  the  width  over 
the  to])  tianges  being  10  iii(dies.  Two  chairs  are  placed  inside  the 
channel  and  < 'a eh  secured  by  three  long  rivets  passing  through  the  bars 
andcliair.  Two  tai)er  keys  Ibrm  the  rail  fastenings.  Each  tie  weighs 
115  ]>on]i(ls  complete,  or  104  pounds  when  tilled  with  ballast.  Wooden 
lies  are  used  at  switches  and  (a'ossings,  but  on  a  new  line  then  under 
construction  it  was  intended  to  use  long  Z-bar  tU's.  There  are  nine 
steam  tramway  engines,  or  ^Mlummy"  engines,  weighing  15  tons  empty 
and  17. o  tons  in  working  older.  They  have  horizontal  outside  cylin- 
ders 11.28  by  I  t.s  inches,  and  are  carried  on  six  wheels,  all  coui)led, 
32  inches  diameter  and  30  inches  center  to  center  of  axles,  giving  a 
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wheel  base  of  (i  feet.  The  cars  are  like  street  ears,  15.75  feet  lougover 
the  body  and  22.3  to  23.6  feet  long-  over  the  buffers.  They  weigh  about 
3  tons  empty  and  are  carried  ou  four  wheels  24  inches  diameter, 
with  a  wheel  base  of  6  feet.  They  have  seating  capacity  for  20  to  24 
IDassengers.    The  maximum  si^eed  authorized  is  12.4  miles  per  hour. 

In  a  report  made  by  the  Society  Rationale  des  Chemins  de  Per  Vic- 
inaux  a  Bruxelles  and  presented  at  the  meeting  of  the  International 
Tramway  Union  in  August,  1804,  it  was  stated  that  after  seven  years' 
service  they  had  been  found  badly  corroded  by  rust,  wliile  the  fasten- 
ings were  defective.  They  were  therefore  being  replaced  with  the 
creosoted  oak  ties  as  used  on  the  other  lines  of  this  company. 

1 1 1:>. 

Anglcnr  ties. — The  Angleur  .Srcel  Works  roll  various  sections  of  ties,  using  Thomas 
basic  steel  of  S8  to  99  pounds  per  s<iuare  niillinieter.  and  25  to  20  per  cent  elongation 
in  S  inches. 

Z-lmr  ties. — These  ties  have  been  descril)e(l  in  the  original  report,  and  some  further 
details  respecting  those  on  the  local  railways  of  Charleroi  aregiven  under  that  head- 
ing. The  weight  of  the  iron  chairs  has  been  reduced  by  Mr.  Willeinin,  the  inventor, 
by  making  them  from  Swedish  cast  iron  by  a  new  patented  i^rocess,  the  metal  being 
known  as  mitis  metal,  which  is  claimed  to  be  superior  to  and  cheaper  than  wrought 
iron.  It  is  of  great  strength,  enabling  the  weight  of  the  chair  to  be  reduced  to  two- 
thirds  that  of  the  former  chairs.  In  181K)  I  visited  the  great  ironworks  of  the  Societe 
Conillet,  at  Couillet,  Belgium,  to  see  the  manufacture  of  the  Z-''ar  ties  for  the  nar- 
row-gauge Kongo  Railway.  The  tie  is  composed  of  two  wrought-iron  bars  of  Z  or 
double-angle  sections,  the  toj)  Uanges  l)eing  outward  and  the  lower  ones  inward, 
while  the  web  is  vertical.  They  thus  form  a  box  or  trough,  open  on  top  and  nearly 
closed  on  the  bottom.  Xearcach  end  of  the  tie  is  a  cast-iron  chair  resting  inside  the 
trough,  projecting  a  little  above  the  top  of  the  tie  and  forming  a  seat. for  the  rail, 
having  lugs  to  hold  the  liange  of  the  rail.  Each  chair  is  secured  by  two  (or  for  largo 
ties  three)  long  horiz<»ntal  rivets  jjassing  right  through  the  tie.  The  riveting  ^vas 
done  by  hand,  l>ut  I  was  informed  that  if  largo  orders  were  given  a  power  riveting 
plant  would  be  erecte<l.  The  ties  for  the  Kongo  Railway  weighed  about  70  poun<ls 
complete,  but  when  in  the  track  and  packed  with  ballast  the  weight  would  be  about 
90  pounds.  The  ballast  was  to  be  of  broken  stone,  obtained  from  some  heavy  cuts 
on  the  line.  One  of  the  8])ecial  advantages  claimed  for  this  type  of  tie  is  that  of 
economy  in  weight  of  metal  c<)n»l)ine<l  with  ample  weight  when  in  the  track  and  filled 
with  ballast.  The  fastening  of  the  rail  is  very  simple,  consisting  merely  of  a  slightly 
tapered  key.  The  rail  is  placed  on  the  chair,  with  one  side  of  the  base  held  by  the 
lug  of  the  chair,  and  the  key  is  then  driven  between  the  rail  base  and  lug  on  the  other 
side  of  the  rail.  The  direction  for  driving  the  key  is  indicated  by  an  arrow  cast  on 
the  lug,  so  that  the  work  can  easily  be  done  by  unskilled  labor.  In  keying  up  a  light 
hand  hammer  is  used,  as  the  use  of  a  sledge  hammer  would  result  in  breaking  ott" 
the  lugs.  Ties  of  this  type  can  be  made  for  use  at  switches  and  cross-overs,  and 
the  bars  may  be  of  wrought  iron  or  steel,  the  former  being  used  for  the  Kongo  Rail- 
^vay  ties,  as  it  was  then  as  good  as  and  cheaper  than  steel  in  Belgium.  These  Z-^^'r 
ties  are  in  use  on  the  following  railways:  State  railways,  France;  local  railways 
(Charleroi),  Belgium;  Royal Portugueac  Railway,  Portugal;  Miuho and  Douro  Rail- 
way, Portugal;  Southern  and  Southeastern  Railway,  Portugal;  Egyptian  railways, 
Egypt;  Bone-Guolma  Railway,  Algeria;  Loanda  and  Ambaca  Railway,  Kongo 
(Portuguese);  Kongo  Railway,  Kongo  (Free  State). 


r;i:i:MA\  L'MI.wavs  3II 
<.  i:i;m  \  n  ^ 

(1i:ni:i.v\  i,  Iv1:m.\KKS.  —  In  lliis  coiinli  v  a  lar.^c  and  >tra<l.\  increase  in 
tlie  mileage  <>!  Irael^  laid  willi  metal  eioss  lies  is  lo  he  iioh  d.  a^  sliown 
in  the  rollowini:  tables,  and  \  (M  \  la\-»>i  ahh'  resnlls  in  elVH  ienex-  and 
eeonoMiy  are  lopoi  ted,  Tiie  use  of  inelal  loui^il udinals  is  diMMcasiiii^-, 
howcNcr,  and  two  railways  wliieli  Inne  t'lnnislied  statements  for  tliis 
lepoil  ni'Milion  the  al>a  ndoiiinent  of  the  metal  h)ii,nit  ndina  1  system. 
The  I>adeii  Shite  railways.  I  he  ilesse  Louis  L'ail\\a_\-,  and  the  r'iixrfeid 
1  )i\  ision  of  the  Prussian  State  raiiwaxs  ai-e.  amoii<;' thos(»  which  lia\'e 
found  thorn  unsatisfactory.  On  th<'  other  hand,  the  Ilaarma u  sclf- 
hearin,,  "  (or  girder)  rail,  which  forms  a  lon^^it  udinal  in  itself,  is  tne'/t- 
in^wirh  some  faNor,  l>ul  the  principle  of  such  a  track  is  (piite  diffeiiMit 
from  that  of  a  track  ha\  inu-  ordinary  rails  attached  to  longitudinals  or 
strin  rers. 

As  this  rei»orl  is  intended  to  be  mainly  supplcmciitary  to  the  original 
report.  1  lunc  not  aiteni[)ted  to  i»ive  iii  detail  the  i)r()gress  on  each  of 
the  aumerous  railways,  as  formerly,  but  merely  to  show"  the  general 
iiiowth  of  the  metal-track  system.  The  conditions  may^  be  snmmar- 
i/cd  as  follows,  the  ti<^ures  being'  for  oidinary  railways  only,  and 
exclusive  of  local  and  narrow-gauge  lines,  inclined  railways,  etc.: 


1891-'92. 


Trark  with—  Miles.  llxles. 

Mot.Ml  cross  tif's   8.  025  |  5,224 

Mftal  l()ii};itii(linals  and  self'-bcariiiy  rails   !{,  580  3,562 

Wn.«loii  ties   :!:{,n85  !  :j2,  147 

StoiH- ties  or  supports   272  j  356 

Total  leugth  of  track  ^  |     45, 960  j     41, 291 

•  There  is  an  iin  oiisideraltle  ilillereiiee  hetweeii  the  atUleil  totals  and  Ihe  ollicial  totals. 

From  the  ofhcial  report  on  the  railways  of  the  (Terniaii  Emi)ire  for  the 
year  ISOl-'Ol!  1  take  the  following  statistics  with  reference  to  the 
tracks,  the  statistics  referring  only  to  the  standard  gauge  railways: 
L'  liutli  of  track : 

State  radways  miles..  12,  1  19 

Pri  \  ate  rail u  ays  do   ;3,  811 

'total  do....  45,960 

Length  of  railways : 

State  do....  2,378 

Trivatc  do   2,456 

folal  do   tJS 


(A)  Kails  without  ties 

Irou  

Steel  


do. 
do. 


10 

58 
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(A)  Rails -without  ties: 

State  railways  miles   53 

Private  railways  do   15 


Total  do....  68 


Prussian  State  railways  do   18 

Wiirtemberfi:  State  railways  do   12i 


(B)  Compound  rails  do   3? 

((.')  Longitudinals  (Hilf,  etc.)- 

Iron  do....  286 

Steel  do ....  3,  294 


State  railways  <lo   3,438 

Private  railways  •.  do   142 


Total  do....  3,580 


Prussian  State  railways  do   2,432 

Wei«(ht  per  mile : 

With  cross-tie  connections  tons..  105 

Without  cross-tie  connections  do   82 

(D)  Cross-ties  ( wood ) : 

Wooden  ties   60,761,049 

Per  mile  of  track   1,  787 

Oak  : 

'Treated   19,043,798 

Tntreatcd   10,508,  148 

Other  hard  woods : 

Treated   2,  236,  866 

Untreated   108,563 

Coniferous  (pine,  laich,  and  s])ru(.('): 

Treated   27,365.360 

Untreated   1,498,314 

(E)  Cross-ties  (metal): 

Number   11,531,617 

Per  niileof  track   1.811 

Averajije  weifjjlit  jx-r  tie  j)onnds..  110 

(F)  Stone  blocks: 

Number   721,078 

Per  mile  of  track   2,  615 

Of  the  coinpouiid  rails  (B)  tliei  o  areli.Ts  miles  of  tlie  Sclieffler  system 
on  the  Ma.iidebiiig^  Division  of  the  Prussian  State  railways  and  0.62 
mile  of  tlie  Kostlin  and  Battig  system,  on  the  Saxony  State  railways. 
Xone  were  laid  durin*;'  the  year  lS91-'92. 

The  next  table  gives  particulars  of  the  distribution  of  ties.  Of  the 
22  divisions  of  the  Prussian  State  railways,  five  have  no  metal  ties, 
and  on  the  others  the  distribution  is  as  given  in  column  No.  1,  the 
figures  being  for  open  traek  oidy,  and  not  including  ash  pits,  etc.,  where 
the  rails  are  laid  on  masonry  walls.  Of  IIJ  other  State  railways  only 
0  liave  no  metal  ties,  so  that  out  of  41  State  railways  30  liave  metal 
ties, and  tlie  distribution  on  these  30  lines  is  given  in  column  Xo.  2.  On 
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t  lir  |ni  \  ;il  I'  IM  i  I  W.I  ys  itlin>('  owiicil  l»y  (•(  |  Kill  ics  /  tlic  tra'-k  laid  willi 
(•i<  tss-1  ics  lia  ^  7  1  |KM'('('iil  (»r  w  . )( )( 1,  L'~>  I KT  cell  I  met  a  I,  a  iid  1  |m'1(tiiI 
nf^lniic.  ('oliiiiiii  No.  •".  -llow  s  I  lit'  (lisriil)iil  ion  roillic  Sialc  :iii<l  |»ri- 
\  ale  railw  av'^. 

I  >'ist  rihui'uni  of  vro8H-tU'8,  1S91-9.'. 


Total  ti  a.  K 

( >n  wtKidi  II  I  u 
( )ii  ini-tal  tics, 
t  Ml  stiinr  


Total. 


No.  1. 

N(.. ::. 

17  Prussian 
State  rail- 
ways. 

4  1  ( ■<  I'liiaii  .Stair  rail- 
w  ;iy.s. 

.state  ami  private 
laihv  a_\  s. 

Miles. 
28.  895 

MiUs. 

Per  cent 
of  track. 

MiUg. 

Percent 
of  track. 

21,419 
4, 

C8 

31,  253 
7,  121 
262 

S0\ 
19" 
S 

33,  985 
8,  025 
272 

m 

V.) 

•JG,  4-1 1 

38,  f>.58 

100 

42,  308 

100 

A  uciicral  suiniiiary  ol' I  lie  disti  ibiitioii  of  ties  on  all  (ieriiiiiii  railways 
is  LLiNcMi  ill  tlie  I'ollowiiiii-  table: 


Total 
track. 

Cros.s-ties. 

Wood. 

Metal. 

Stoue. 

Total. 

rnissian  Statt-  railways  and  tli(i.so 

mies. 
28,  895 
1,257 

2rilr.<i. 
21,  419 
872 

P.  ct. 
81 
74 

Miles. 
4,934 
316. 

P.  ct. 
19 

25 

Miles. 
68 

P.ct. 

Miles. 
26, 441 
1,191 

P.  ct. 
100 
100 

rnissiau  jirivato  railways  

1 

.Ml  (icrnian  .Statt- railways  

All  (lernian  i>rivatf  railways  

Total,  all  (Jcrman  railways.. 

42, 150 
3,810 

31,  254 
2,  731 

80J 
74J 

7,122 
903 

19 
25 

262 
16 

$  1  38,  658 
i  1    3,  650 

100 
100 

45,  960 

33, 985 

80i 

8,  025 

19  272 

i  !  42,308  ;  100 

'  '1 

The  lonn-  table  whicli  follows  shows  the  miles  of  track  of  different 
Uiiids  on  eaeli  of  the  (German  railways  for  the  years  1890  and.  1891,  witli 
the  increase  or  decrease  in  each  (;ase,  the  totals  indieatiiiii'  a  decrease 
in  tlie  inih'anc  of  doiible-lieaded  rails,  metal  longitudinals,  and  stone 
siippoi  ts.  and  an  increase  in  the  mileage  of  metal  cross-ties: 


Kailwavi 


Alaaro-Lorraino  

Ba«U'n  Statto  

Bavarian  Sfato  

Hi'sse- Louis  

Ilfssian  Stato  

LulM'ck  anil  nm-lien 

Luxfnil>our;;  

>rain  N.  ckar  


Track  of  German  railways. 


l)oubl(!-liea(l  rails  on 
■wood  ties. 


1890. 


In- 
crease 
{+)  or 

de- 
. crease 
!  (-)• 


Milrx.  M  i Irs.  \  Miles. 
29.  76  26.  66'  —3. 10 


.|""47."i2j'48.'98 


1.241  1,24 


+  1. 


17.30  17.98i  +0.62 


Marimburt;  

Met  klnnburjj  .Stale  

North  (Ji  rnian  I 

Oiilonbuii;  State  j 

Palatinate   i.. 


Flange  rails  on  wood  ties.     Stone  supports. 


737. 
824. 
3,  336. 
374. 
148. 
114. 
118. 
8H. 
106. 
518. 
92. 
319. 
759. 


1891. 


Milris. 
781.82 
752.  06 
3,  441.62 
372.  00 
148.  80 
112.84 
119.  04 

84.94 
106.  02 
520.  80 

92.  38 
:(1H.  06 
741.52 


In- 
crease 
(+)  or 

de- 
crease 

(-). 


1890. 


1891. 


Miles.  Miles. 

+44.  02'  

—72.541  2.48 


2.  48 

104.  78188.  48  186. 14 
1. 


—2.  48 

+  0.62;  

—1.  24    0.  62 

-I  0.621  

—3.  10  

—0.  62  0.  62 
+  1.86'  0.62 


-1.24  . 
■17.  981 


In- 
crease 
(  +  )or 

de- 
crease 

(-). 


Miles.]  Miles. 

i  


-2.  34 


1.86 
6.' 62 


0.  62 
0.  62 


2.48.  2.48 
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Track  of  (ieyinau  railH'iii/t^ — L'outiimed. 


E;iil\vav: 


Prussian  State: 

Altona  ■  

Berlin  

Breshui  

Broiiihers  

ColujiKo  (ii'ft  bank)  .. 

Cologne  (rijilit  bank) . 

Elbe'rlebl..:  

Erfurt  

Frankfort  

Hanover  

Majidfbnrir  

Saxony  State.  

Southeast  Prussia  

"\»'erra  

"\»'urtembur;r  State  


IJailwavs. 


Alsace-Lorraine  

Baden  Stat«-  

Bavarian  State  

Hesse -Lou  is  

Hessian  Stalin  

Lnbec  k  anil  P.m  lien  

Luxembourg  

Main-X<ckar  

Marienbur<;  

!^^el•klenbur^^  State  

Korth  (Jennan  

Oblenbur^  State  

Palatinate  

Prussian  State : 

Altona  

Berlin  

Breslau  

Broniber;;  

Cologne  (left  bank) . . . 

Coloficno  (riglit  bank). 

Elberfeld...  

Erfurt  

Frankfort  

Hanover  

^lagdeburg   

Saxony  State  

Southeast  Prussia  

Werra  

"Wurteniburg  State  


Double-head  rails  on 
wood  ties. 


Flange  rails  on  Avood  ties.  I    Stone  supports. 


1S90.  1891. 


In-  ' 
crease 

I   de-  ! 
I  crease ! 
(-^-  i 


Miles.  \Miles\  Miles.  ^  Mileft.  2Iiles.  Miles 

I      1.86    L  86    1,588.44  1,634.94  +46.50 

2,677.16  2,  775.74  -|-98.£8 

2,585.40  2.  755.90  -1-170.50 

3,732.40  3,  922. 12  -f  189. 72 
823.36      744.00  —79,36 

1,949.28  1,900.50 
476. 78      435.  24 

2.40  1,688.88  1,697.56 
916. 36      936.  20 
2.  277.  881 
1,860.  00 


In. 

crease 
!  (•f)or 
I  de- 
crease. 
(-). 


1890. 


1891. 


1.24 


1.24 


6.82;  4.3-4, 
6.  82    0.  201  —0.  62 

0.  62|    0.  62  

362.08  329.221  32.86 


Miles 
2.  48! 
11.16 
9.  30 
1.34 
8.06 


—42.  78 
-41.  54 
H-8.68 
-t-19.84 
-f  63.  86 


2,  341.74 

1,92L38'  +61.38 
2,611.44  2,626.32'  +14.88 
1.56.24      157.48  +1.24 
14.").  08      14.5.70  +0.62 
1,044.701  1,025.48  —19.22 


5.  58 
1.80 
4.34 
5.58 
1.24 
8.  06 
0.  62 

6.  20 
1.24 


Miles. 
2.  48 
11. 16 
9. 30 
0.  62 
8.  06 


In- 
crease 
(  +  )or 

de- 
crease 

{-)• 


5. 58 
2. 48 
4.  34 
5. 58 
0.62 
8.  06 
0.  62 
0. 20 
1.24 


Miles. 


— 0.  G2 


Total   474.  92  438.  34  —36.  58  32,  072.  60  32, 618. 20  +545.  60  264. 12  259. 16 


+0.  C2 
— 0.'62 


<  In  lonuit  udinal." 


Metal  track. 


<  Ml  i  ross-tie! 


Otlier  systems. 


ISDI. 

1 

Milea. 

21  i  Irs. 

527. 01) 

500.  .54' 

3.  72 

4.34| 

416.02 

4.50.  74 

79. 98 

79.  36| 

0. 62 

0.02; 

24. 18 

22. 94| 

In- 
crease 
(-l-)or 

de- 

l-l'ClUSO 

(-). 

MUe.i. 
-20.  26 

+  0.  62 
i  34.72 

-0. 62 


-1.24 


In- 
crease 
(  i  )  or 

lie- 

(  ). 


1890.  1891. 


2lile«.  I  Miles. 
329.  221    368.  28 


807.24; 
199.  02| 
343.  48 
3. 10 
45.  26; 
40.  68| 
53.  94 
102.  92 
0.  82 


892.  80 
202.  26 
350. :'.() 
3. 10 
47.  74 
41.92 
57.  04 
103.  54 
6.  82 


3[iles.  Miles. [Miles. 
+39.  061 
+85.  .56 
H  6.3.  24 
+6.  82 


+2. 48 
+  1.24 
+3. 10 

-f  0.  62 


6.  20 


8. 68 
646.66 
6.  82 
202. 12 
233. 12 
210. 18 
31.00 
96. 10 
682.  62 
342.  24 
16.12 


9. 92 
653. 48 
6. 82 
197.  78i 
227.  .54! 
205.  84 
27. 28 
76.  88 
683.  86| 
329.  22, 
15.  50 


-f  1.24 
+6.  82 


—4.  .34 


0.  82 
102.  92 

18.  60 
1.241 

393,  44' 
J  62.  44 


11.78  +4.96 

136.  4o!  +33.48 

I  I 

42.16;  +23.  .56 

0.  62|  —0.  62 

182.90;  —10.  .54 

89.  28  —73. 16 


6.  20 


4.  .34 


-5.  58  1,  379.  .50  1,  519.  62i  +  140. 12 


-4.  34  833.  90  975.  i 
-3.  72  1,015.  .56, 1,068.! 


—19.  22 
+  1.24 

—13.  02 
—0.62 


335. 42 

76 
228. 16 
257.  30 
0.  62 

59.  52 


383. 16 
84.24 
239.  94 
274. 04 
0.  62 
58.  90 


1-141.98 
+52.  70 
+47.  74 
+  7.  44 
+11.78 
+  16.  74; 


13.  64| 
5.581 
6.  20l 


13.  64 
4.34 
.5. 58 


3.  lOj 
0.62; 


2.  48 
1.24 


-0.  621 


In- 
crease 
(+)or 

de- 
crease 

(-). 


Miles. 
+4.  34 


—1.24 
—0.  62 


— ,0.  62 
+0.  62 


510.26,  539.40 


+29.14  12.401  12.40 


Total   3,  543.  92  3,515.40 


52  7,185.18  7,812.00  +626.82  59.52  62.00  +2.48 

I  !         I  • 


111  tlie  early  ])art  of  189.3  tlie  low  indices  of  steel  induced  tlie  State 
railway  autliorities  to  give  out  some  large  orders  for  ties.  The  Baden 
State  railways  contracted  for  the  supply  of  24,(K)0  tons  for  1803-1895. 


CI'.U'MAN  K'A1I,\V\NS. 
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Tlic   riiissiaii   S(:itt'    r.iilwnys    iilsn    in'L;ot  iiilcd,   <  jIIci  i  ii  ^  -"^-l.T."") 
metrical         l»iii   ilic  iiialaMs  askcil  7*).     I'lir  ex  poi  I  s  in  iSllHaiid 

ls;».;  aic  ui\('ii  in  llic  a('('<)iii|>aii_\  iiiu  lahlc  ami  lliosc  x-nl  lo  \' cnr/iicla 
ucic  cither  oidcrcd  iVmii*  or  sen!  1»\  wav  of  Ilic  I  iiitcd  Slates  and 
thcrcl'orc  crroiH'iHi-^Iv  stated  in  t  lie  ollicial  li^ii res  (  w  ice  on cr  as  exports 
to  the  l  iiiUMl  States  and  to  \ Cne/iiela: 


(Itrinau  cxjjorln  of  iiwlal  ti<;». 


1802. 

1893. 

'  1892. 

1893. 

Tons. 
1,530 

139 
2, 492 
1,856 
.3.  734 
7,  281 

509 
1,046 
2,  111 

Tons. 
983 

1,619 
334 
12,819 
829 

2,150 
538 

Cliilc  

'Tons. 

'm 

1,GU8 
1,804 
],G()H 

Toug. 

Fr.iiu'f  

lloUaiid  

V('nc/.iul;i  

4,  308 
1,  899 
4,  368 

T()t:.l   

Total,  inch  1(1  111. i;  las  (fil- 
ings, etc   

Brazil  

20,471 
37,  000 

29,  907 
39,  000 

hi  issii  the  r.  S.  coiisiil  at  Diisseldort"  reported  tliat  the  npproi)riii- 
tioiis  l»y  the  state  during  the  ])ast  year  liad  been  .^-},'2.")(),<)0()  for  wooden 
ties,  and  sl,O(U),0()()  for  metal  ties,  wliiletlie  value  ot imported  ties  was 
estimated  to  amount  to  s45(),()00.  Tlie  minister  of  railways  was  peti- 
tioned to  make  a  more  <^eiieral  use  of  metal  ties  in  order  to  give 
increased  work  to  the  iron  and  steel  industries,  the  situation  of  whieh 
was  not  uood.  and  it  was  urged  tliat  the  weight  of  metal  ties,  which 
then  a\'eraged  SS.K;  pounds,  was  too  light,  and  should  be  increased  to 
l.')L*.-4  i)ounds.  The  following  ligures  of  (.*ost  were  presented  at  that 
time  (the  metal  ties  are  described  in  my  original  report);  they  were 
both  S  feet  I'.l  inches  long,  and  the  I)erg-and-^rar(die  ties  weighed  1V,)\ 
pounds  and  the  attachments  5.21)  pounds: 


Metal. 
Berjr-aud- 

Marcho 
Railway. 

Metal. 
Rhenish 
Railway. 

Wood. 
Oak. 

Tip  

$1.60 
.17 

$1.  56 
.18 

$1.05 

.10 
.  12 

Total  

1.77 

1.74 

1.27 
.12 

Dc.liK  t  lor  old  inatt  rial  

.68  1  .68 

1.0!)  1.00 

 1  

Alsace-Lorkaine  State  Railways*  (gauge,  4  feet  8i  inches). — 
In  ^lay.  1>^!M.  Mr.  I'laiitz  Tleindl  wrote  me  that  his  system  of  metal 
cross-tie  (see  AusM  ia)  will  l)e  laid  this  year  on  (i.2  miles  of  track. 

Baden  State  Railways*  (gauge,  4  feet  ^  inches). — The  experience 
of  this  railway,  as  given  in  the  following  otticial  statement,  rei)resents 
the  general  experience  and  })ractice  of  German  railways  in  regard  to 
metal  track.  The  use  of  metal  ties  is  being  increased  l  apidly,  but  the 
longitudinals  are  being  abandoned;    The  i)ercentage  of  track  laid  with 
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metal  ties  lias  increased  from  18.1  i)er  cent  in  1884  and  61.3  per  cent  in 
1890  to  S0.2o  per  cent  in  1893.  The  following  statement  was  fnrnished 
for  the  purpose  of  this  report  in  April,  1891: 

The  Badeu  State  railways  liad  in  1893  a  length  of  901^  miles,  of  which  3481-  are 
double  track  and  553  luiles  single  track.  Of  the  main  track,  which  aggregates  1,187 
miles,  and  which  is  gradually  being  relaid  with  metal  ties,  there  were  952^  miles  (or 
80.25  per  cent)  with  metal  cross-ties,  2^  miles  (or  0.21  per  cent)  with  metal  longitu- 
dinals, and  232  miles  (or  19,51  per  cent)  with  wooden  cross-ties.  It  is  intended  to 
substitute  metal  ties  for  the  longitudinals,  as  experience  with  them  has  been  unsat- 
isfactory in  respect  to  the  maintenance  of  gauge  and  the  draining  of  the  track.  At 
the  same  time  the  rails,  which  are  too  light  for  the  cross-ties,  will  be  replaced. 

The  deterioration  of  iron  ties  results  almost  entirely  from  rusting,  and  has  signili* 
cance  only  in  wet  tunnels.  Experiments  with  tar  and  paint  have  been  made  to  pre- 
vent rusting,  but  so  far  no  definite  results  have  been  arrived  at.  Crushing  of  the 
rail  base  into  the  metal  of  the  tie  has  not  been  observed  to  any  extent,  and  this 
effect  in  itself  has  not  led  to  any  renewals.  No  breakages  of  ties  have  been 
recorded,  but  longitudinal  cracks  or  splits  have  been  found  at  the  turned-down  ends 
of  the  ties,  these  being  mainly  confined  to  the  older  forms  and  being  due  to  defective 
manufacture  or  to  bad  treatment  in  handling  or  tamping. 

The  rattling  noise  when  trains  are  passing  over  track  with  iron  ties  is  disagree- 
able only  until  the  ties  have  become  tirmly  settled  in  the  1)alla8t.  As  soon  as  the 
ties  have,  after  repeated  tami)iug,  reached  a  permanent  position  and  bed,  the  noise 
is  not  essentially  difierent  IVom  that  on  wooden  ties.  Weak  rail  joints  are  a  much 
greater  eanse  of  n«)ise  tlian  are  the  metal  ties.  Our  rail  fastenings  are  exclusively 
bolts,  without  nnt  locks,  and  only  satisfactory  experiences  of  their  efiicicncy  have 
been  recorded,  which  is  to  be  exi)lained  l»y  the  form  of  the  clamps  cansing  them  to 
act  as  springs.  Tliese  parts  are  specially  watched  by  the  trackmtni.  who  pass  over 
the  track  of  onr  nuiin  line.s  at  least  three  times  a  day. 

The  cost  of  maintenance  of  the  track  with  iron  over  wooden  ties  can  not  l)e  stated 
separately  for  1893;  and  even  if  stated  would  give  but  an  imperfect  idea  of  the  cost 
of  maintenance  on  tin?  whole,  as  since  1891  wo  have  been  establishing  on  the  main 
tracks,  our  Heidelberg,  liasel  and  Mannheim,  and  Karlsruhe  divisions,  the  heavier 
track  shown  on  th(>  accf)mpanying  drawings,  as  rapidly  as  possible  so  that  on  these 
divisions  a  speed  of  5(uniles  per  hour  can  be  attained.  In  1890,  when  G4.3  per  cent 
of  our  main  track  was  laid  with  metal  ties,  the  cost  for  all  track  with  iron  and 
woo<len  ties  was  $377. 12  per  mile,  of  which  $277. 12  was  for  the  purchase  of  rails,  ties, 
track  material,  fastenings,  and  ballast,  and  $100  for  labor.  In  1881,  when  only  18.1 
l>er  cent  of  all  main  track  was  on  iron  ties,  the  total  cost  for  maintenance  was  $122.58, 
of  which  $322. .58  was  for  material  and  $100  for  labor. 

The  heavy  track  rt.'tencd  to  in  tlie  above  statement  is  sliown  to  be 
carried  on  tirs  of  tlie  modified  ''Berg-and-Mark"  section  (PI.  12, 
original  report).  These  ties  are  7.38  feet  long,  4.4  inches  wide  on  top, 
8.8  inches  wide  over  tlie  outer  edges  of  tlie  top  slope,  0.G8  inches  wide 
over  tlie  bottom  ribs,  and  12  inches  over  tlie  flared  ends.  The  deptli 
is  3  inches  in  the  trough  and  5.8  inches  over  the  ends  (measured  from 
the  higher  end  of  rail  seat  to  the  bottom  of  the  end,  which  projects 
below  the  trough  section).  The  middle  of  the  tie  is  horizontal  for  3.82 
feet,  slopes  u[)ward  at  tlie  rail  seats  fm- 1.12  feet,  and  then  slopes  down 
to  the  rounded  end,  which  is  curved  to  a  radius  of  4  inches.  Tlie  rise 
of  tlie  rail  seat  is  0.08  incli.  The  top  table  is  0.44  inch  thick  and  the 
sides  0.28  inch,  and  tlie  bottom  ribs  project  0.44  inch  beyond  the  sides 
of  the  tie.    The  bolt  holes  arc  l.~>.i  inches  scjuare,  with  l  ouuded  corners, 
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<>.()l  iiiclit'^  ;i|);irt  cciitcr  to  ('ciilcr.  nrc  piiiiclird  on  tlic  cciilci-  liiK^ 
ol  (lie  tic.    Tlic  wciulit  ot  tlic  tic  i>  il7.7  pounds. 

Tlic  iMstcniiiLis  :ii  c  hollcd  (dMinps.  bill  d  i  ilci  'soincw  I  I  roiii  t  lie  oriu'i 
n;i!  dc^i^ii  show  II  on  pl;itc  l.")()f'iii\  oii^iinil  rcpoit ,  I  li  c  ccccii  1  lie  ^aiiL^c 
w  Mslici  li;i\  iiiu  I  lie  lower  part  smaller  I  liaii  I  lie  upper,  so  as  to  drop  into 
t  lie  lioll 'hole  ol  the  lie.  The  washer  is  l.sj  i  nelio  S(  pia  re  on  top  a  iid 
I.  IS  inches  hclow.  the  upper  |»ai  t  heinn"  ececiitrie  to  the  lowei",  so  that 
1>\  ininnm  the  \\a>lieis  to  one  or  other  position,  the  .i:au_n'e  may  l»e 
\aiicd.  \\\  the  ciMiihinat  ions  ol'  these  (dian^'es  on  the  loui'  elainps  ot" 
each  tic,  no  lc>s  than  L'O  wideiiiiii;'s  of  ,naiii;'e  of  0.  KMiieh  eiudi  eaii  he 
cl'lected,  .ui\  in-  a  iiia\iinuiii  li'aii^ne  wideiiiiii;'  of  O.S  inch.  Siicb  niiniite 
\aiiaiioiis.  howc'\ei\  arc^  an  unnecessary  retineiiieut  of  little  i)ractieal 
\alnc,  and  iiiNohca  very  objectionable  eonii^lieation  if  carried  out  in 
t  he  t  rack,  ( >\ ci  t  he  washer  is  j)l  iced  a  chaiiuel-sha])ed  clani]),  one  side 
hcariim  on  the  rail  and  the  other  on  the  tie.  This  damp  is  2.8  by  !i.l)(> 
inches,  with  a  slotted  lu^le  0.84:  by  1.28  inches.  The  vertical  bolts  pass- 
niii-  thron-h  the  tie,  washer,  and  clamp  are  0.8  inch  diameter  and  3.2 
inches  lonu  under  the  head,  having'  a  neck  0.84  inch  square  and  a  T- 
head  1 .04  by  2.08  inches.  The  nut  is  hexagonal,  with  an  inscribed  circle 
of  1.5(1  inches,  and  is  1  inch  thick.  No  nut  lock  is  used,  the  surface  of 
the  ehauuel-shai)ed  clamp  having  a  tendency  to  spring  under  the  pres- 
sure of  screwing  up  the  nut,  and  thus  putting  a  strain  upon  the  nut 
The  bolt  and  nut  weigh  1.21  pounds;  gauge  washer,  0.5  pound;  clamp, 
l..')2  p(junds,  say  3  pounds  in  all,  or  12  pounds  for  the  four  sets  of 
fastenings  on  each  tie. 

The  rails  are  of  T-section,  weighing  72  pounds  per  yard,  laid  with 
even  suspended  Joints  si)liced  by  28-inch  angle  bars  and  four  bolts,  the 
angle  bars  having  lower  webs  below  the  rail  through  which  are  driv^en 
a  transverse  bearing  plate  and  a  taper  key  between  the  plate  and  rail 
base,  thus  holding  the  angle  bars  tightly  down  upon  the  rail  base. 
There  are  1.'^)  ties  to  a  rail  length  of  29.52  feet,  and  17  to  a  rail  length  of 
.■{!>.:*)(>  ieet.  The  s])aeing  is  21. ({  inches  at  the  Joints,  then  one  of  24 
inches,  one  of  2(1  inciies,  and  one  of  28  inches,  the  remainder  being  30 
inches  center  to  center,  except  the  three  middle  ties  which  are  spaced 
.■)1.2  inches.  The  weight  of  track  is  315  pounds  per  yard,  exclusive  of 
joint  fastenings,  while  the  metal  track  described  in  my  former  report 
weighed  207  pounds  i)er  yard. 

Barmen  Mountain  Railway  (gauge,  3  feet  "6%  inches).— This  is  a 
steep  grade  electric  street  railway,  1  mile  long,  oi)erated  on  the  rack 
system,  having  the  ?.Iarsh  (or  iv*iggeid)ach)  ladder  rack  laid  with  its 
surface  flush  w  ith  the  pavement.  The  line  is  double  track  throughout, 
with  grades  of  iS.oH  and  L'J.O  per  cent,  and  the  sharpest  curve  is  500  feet 
radius.  The  track  is  ol  grooved  girder  rails  in  the  streets,  and  T-rails 
elsewhere,  bolted  to  steel  ties  of  trough  section  |)laced  l(»  inches  apart, 
and  the  channel  bars  forming  the  sides  of  the  rack  rail  are  also  bolted 
to  t  he  t  les.  ( )utside  the  i)aved  streets  tlie  track  is  ballasted  with  gravel. 
The  cars  are  ot  street-railway  [)alterii,  ljut  with  four  com[)artinents, 
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the  end  compartments  entered  from  tlie  platforms,  and  the  middle 
ones  having-  side  doors.  There  are  two  spur  wheels,  each  driven  by 
a  oO-horse-power  motor,  the  current  being  taken  by  sliding  contact 
frames  from  overhead  wires.  This  type  of  track  construction  (without 
the  rack)  is  quite  common  in  Germany  and  other  European  countries. 

Bavarian  State  Kail  ways*  (gauge,  4  feet  8^  inches). — In  my 
original  report  it  Avas  stated  that  the  Heindl  system  of  steel  cross- 
ties  {see  Austria)  had  been  adopted  as  standard  for  metal  ties  on 
main  tracks  (and  used  also  on  secondary  lines),  and  that  up  to 
the  end  of  1887  they  had  been  laid  for  a  length  of  85.61  miles.  Mr. 
Heindl  sends  me  a  statement  showing  that  410.17  miles  had  been  laid 
up  to  the  end  of  18<.)3  (as  detailed  in  the  table  given  later  on).  The  fol- 
lowing is  an  abstract  of  a  statement  made  in  189:}  in  regard  to  these 
ties: 

The  security  is  t-xcellent,  there  is  no  Avideiiiiig  of  .uango,  and  the  line  and  snrlaco 
are  well  maintained,  tlie  only  depression  heiugattho  rail  joints,  and  that  hutsliglit. 
The  cost  for  mainti^nance  dnring  the  lirst  three  years  is  greater  than  for  wooden 
ties,  but  after  that  tinie.the  metal  track  needs  very  little  regulation  if  laid  on  stone 
ballast.  The  rail  section  and  type  of  lastenings  are  satisfactory.  The  safety  at  and 
against  rail  breakages  is  the  same  as  on  wooden  ties.  Lateral  motion  occurs  only 
when  lirst  laid  in  sand  ballast.  The  life  of  the  ties  can  not  be  estimated,  as  after 
seven  years'  service  no  wmr  could  be  observed  on  the  ties  or  fastenings. 

BREMEKnAVi:.\  liAiLWAYS. — At  the  new  port  of  lUemer,  on  the 
W^ser  Kiver,  there  are  about  U8  miles  of  radway  tracks.  Part  of  the 
track  is  laid  with  the  Ilaarmann  compound  T-rail,  8  inches  high  and 
li'  inches  wide  over  the  base,  having  generally  a  guard  rad  resting  on 
the  rail  base  and  bolted  to  the  track  rail,  thus  leaving  an  open  flange- 
way  of  11  inches.  Spacing  pieces  are  bolted  between  the  track  jind 
guard  rails,  and  the  same  bolts  hold  the  ends  of  the  flat  tie  bars.  In 
some  cases  there  is  a  track  of  similar  l)ut  lighter  construction  for  a 
narrow-gauge  track  between  the  standard-gauge  track  rails,  making 
a  very  complicated  arrangement.  The  rest  of  the  line  has  ordinary  T 
or  flange  rails  bolted  to  steel  cross-ties,  with  the  Ilaarmann  hooked  tie 
I)late  between  rail  and  tie.    {See  Ilaarmann  metal  track  and  PI.  2.) 

FIksse  Louis  Eailway*  (gauge,  1  feet  8.^  inches).— The  statement 
furnished  for  my  original  report  recorded  the  unsatisfactory  experience 
with  the  Hilf  system  of  longitudinals,  and  continned  experience  shows 
the  same  residts,  as  will  be  seen  from  the  following  official  vStatement 
f  iirni.shed  in  J  nne,  1804.  The  wear  of  the  Ion gitudinals  is  probably  due 
to  the  fact  that  the  tendency  to  wave  motion  is  very  much  greater  with 
the  oii-pound  rails  on  longitudinals  than  with  the  70-pound  rails  on  the 
cross-ties,  while  wave  motion  is  much  better  provided  for  on  the  latter 
than  on  the  former  track : 

The  base  of  the  rail  wears  more  or  less  into  the  surface  of  the  metal  bearings. 
This  ia  especially  tlie  case  with  longitudinals,  as  with  cross-ties  the  rails  are  trans- 
verse to  the  direction  of  the  rolling  of  the  til)er  of  the  tie  and  the  wear  is  thus  some- 
what less.  "When  metal  ties  are  properly  embedded  in  the  ballast,  there  is  liardly 
any  pt-rceptiblc  difference  in  noise  of  trains  running  over  track  on  wooden  or  metal 
ties,  although  as  a  rule  there  is  a  slightly  smoother  passage  over  the  former.  The 
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rail  fast  oil  iii;r"*  lia\(>  stood  the  wi-ar  ami  Irar  \  <'iy  well.  We  have  s(»  far  no  ri*lial)lo 
rt'foi'db  at  liaml  as  to  tin-  rost  of  iiiaiiitciianco  of  track  laid  wiili  metal  tit-H,  liiit  ho 
far  as  w  «•  know  th«'  fost  ol'  iisr  docs  nrt  dillVr  iiiattriall  y  Iroiii  tlial  for  track  on 
w  (loih'ii  tics. 

IMmssia.n  Sr\ii;  KV\  i  i.w  \  n  s  ( naimc  I  led  iiiclics). — .Mr.  I''r;iii/ 
Ilt'iiidl  iiiforincd  iiic  in  .M;ty.  1S!)I,  that  ll'.;^  miles  ol"  track  will  he  laid 
w  itli  his  systt'iii  of  metal  cross-ties  (.vrr    .\  list  ria  ")  diiriiii:  this  year. 

ColoiliK  hi rlsii)N.  Ir/'l  htiiih  nl'  the  h'liiitc  "'  (^ail.uc  1  I'cel  S.'  iiiciies). — 
A  \  ('r\' complcic  stalemeiil  Irom  (his  division  was  _«;iveii  in  tny  lormer 
rei)ort.aiid  in  May.  1S!)1.  the  lollowinu  oriicial  statemeiit  was  riiriiished: 

<  >ii  our  <li  \  ision  t  here  arc  1 .7^1 1  mi  jes  of  i  rack  on  niel  ai  cross- tics  out  ol  a  leni;!  li 
ot"  L'..V)L'A  miles.  In  renard  to  wear  and  tear,  rust  or  frueturcs  of  ties,  wc  have,  so 
lar.  no  sutlicicnt  observations  for  jml,uin,L»-  of  the  durability  of  the  iron  ties.  When 
trains  run  over  a  track  with  iron  ties  ]iaviu«;  a  wei<>:ht  of  about  110  ])0unds,  no 
•rreater  noiso  can  be  distin^iiuished  than  when  the  track  is  laid  on  wooden  ties.  The 
fasteniuiis  hold  well  and  do  not  need  fre([nent  iusptrction.  The  cost  of  maintenance 
de])ends  so  much  upon  the  manner  of  first  construction  and  on  the  traffic  that  it  is 
n(»t  jHissililc  to  give  average  ligures  for  the  same. 

The  fasteniniLis  relerrcd  to  are  bolted  clamps  ou  the  Rupi)ell  system, 
shown  on  Plate  No.  l-S  of  the  origiual  report.  In  1888  this  division 
had  1,(182  miles  of  track,  with  913  miles  oii  metal  cross-ties,  211^  miles 
on  metal  lon.uitndinals.  and  the  balance  on  wooden  cross-ties. 

FAberf eld  Division'^'  (gauge,  1  feet  8.}  inches). — From  this  division  a 
detailed  statement  was  received  in  1888  and  published  in  full  in  the 
original  reixn-t.  showing  that  in  1887  it  had  790  miles  of  track  on 
wooden  cross-ties,  7r)2  miles  on  metal  cross-ties,  and  93  miles  on  metal 
longitudinals.  In  May,  1891,  the  following  ottlcial  statement  was  fur- 
nished for  the  puri)ose  of  this  present  report: 

( )n  the  main  tracks  of  our  division  there  are  201.V  miles  of  track  on  wooden  ties, 
J»15  nnles  on  metal  ties,  and  1.5  miles  on  metal  longitudinals.  The  latter  system  may 
be  considered  as  having  been  abandoned,  and  what  remains  will  be  replaced  by  metal 
cross-ties.  In  regard  to  securing  the  correct  gauge,  and  in  connection  therewith  the 
saf»'ty  of  operation,  our  opinion  is  that  metal  ties  are  preferable  to  wooden  ties. 
Kujiturcs  and  cracks  in  metal  lies  have,  it  is  true,  been  observed  rcpeatelUy,  but 
only  at  the  ties  of  lighter  weiglit  and  section,  which  could  not  withstand  the  greater 
loads  and  increased  trallic  and  greater  velocity.  These  ties  have  been  gradually 
removed  from  the  main  tracks,  aiul  the  new  ties  of  heavier  section  are  8.80  feet  long 
and  weigh  128. 2()  pounds.  There  are  generally  11,  and  exceptionally  12,  ties  to  a 
rail  length  of  29.52  feet.  No  fractures  have  occurred  in  these  ties.  Deterioration  of 
metal  ties  by  rust  has  only  been  observed  in  long  and  damp  tunnels,  and  in  such 
tunnels,  therefore,  wooden  ties  arc  still  ]>rini  ipally  used.  The  noise  and  rattling  of 
trains  running  over  metal  ties  ia  greater  than  over  wooden  ties,  l)ut  considering  the 
otlu  r  advantages  of  metal  ties  this  circumstance  does  not  count  for  much. 

I'he  method  of  fastening  used  on  oui-  road  is  that  of  gibs  and  cotters,  or  keys,  on 
the  \'aiii hcriu  system  (.src  Pi.  T!  of  original  report) ;  a  loosening  of  the  parts  can 
])ossil)ly  occur,  and  hence  a  certain  amount  of  care  is  advisable.  During  recent 
years  the  fastenings  iulopted  ou  new  lines  and  in  renewals  are  on  the  liaarmaun  sys- 
tem (PI.  2)  with  hooke<l  tie-plates  and  bolted  clamps.  This  arrangement  proves  to 
be  very  satisfactory,  and  it  is  not  necessary  to  inspect  the  fastenings  IVequently. 

As  to  the  cost  of  materials  and  lab(jr  in  the  maintenance  of  track  on  iron  and 
wooden  ties,  we  are  not  ](re]iared  to  give  exact  figures.  The  cost  depends  esjx'cially 
upon  the  r(jadl>ed,  the  weight  and  speed  of  trains,  and  the  amount  of  trallic.  A 
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comparison  between  the  cost  of  maintenance  of  track  on  iron  or  wooden  ties  as 
actually  observed  on  our  road  would  not  give  a  correct  answer  to  the  question, 
because  wooden  ties  are  exclusively  used  only  on  side  roads  with  little  traffic,  M  liilc 
the  main  track,  provided  with  metal  ties,  is  in  part  subjected  to  an  extraordinai  ily 
large  traffic.  According  to  our  experience,  metal  track  requires  less  labor  for  uiaiii- 
tenauce  than  a  track  on  wooden  ties.  In  the  first  year,  it  is  true,  the  metal  ties 
require  more  tamping,  but  as  soon  as  the  ballast  has  settled  well  under  the  ties  the 
cost  of  maintenance  is  smaller  than  for  wooden  ties.  Change  of  gauge  can  only  occur 
in  consequence  of  the  wear  of  the  parts,  which  is  very  slow,  while  with  wooden  ties 
much  time  and  expensive  labor  are  necessary  to  regulate  the  gauge.  One  other  cir- 
cumstance comes  into  consideration  in  regard  to  cost  of  maintenance,  namely,  that 
the  metal  ties  have  a  height  of  only  3  inches,  while  the  woodeu  ties  are  6.4  inches 
high.  In  tamping  old  tracks  the  ballast  must  be  removed  sufficiently  to  allow  the 
lower  edge  of  the  tie  to  be  reached  by  the  tamping  tool,  hence  the  time  necessary  for 
removing  the  ballast  and  Hlling  and  dressing  off  again  is  only  about  half  as  much 
for  metal  ties  as  it  is  for  wooden  ties. 

Hanover  Division*  (gauge,  4  feet  S.]  inches). — Tlie  Ilaarmaiiii  com 
pound  self-bearing  rail  {sec  V\.  2)  was  laid  in  1885'  between  Mindeu 
and  ITanover,  on  the  Cologne  and  Bei  lin  line,  and  up  to  1894  the  cost 
for  maintenance  had  been  50  marks  per  kilometer  per  year,  or  $10  per 
mile  per  year,  witli  no  expense  for  new  ])all;ist  or  other  material. 

IIAAIIMANX    MKIAK  TliACK. 


A  numVier  of  designs  of  metal  track  and  appliances  therefor  have  been  invented 
and  introduced  by  ^Ir.  Haarmann,  director-general  of  the  Georgs-Marien  liergwerks- 
und  ^uetten-^'erein,  at  Osnabruck,  and  I  am  indebted  to  his  assistant  engineer,  Ur. 
A.  Victor,  for  particulars  of  these  devices,  which  are  conmu)nly  known  by  the  invent- 
or's Qame.  Reference  may  be  made  here  to  Mr.  Haarmann's  valuable  and  exhaustive 
book  on  Railway  Track,  which  is  noted  more  particularly  in  the  chapter  on  His- 
torical Dev6loi)ment,  page  209. 

(1)  Unarmanux  t\e-pUitcs. — This  form  of  liool<cd  tie-plate  for  metal  tics,  fastened  by 
lugs  and  vertical  bolts  («eePl.  32),  lias  been  in  use  sincci  1882,  and  found  to  bo  a  very 
simple  and  .successful  device.  The  plate  gives  to  the  rail  the  inward  inclination  gen- 
erally required  in  European  railway  construction.  As  there  is  no  bolt  on  the  outer 
.side  of  the  plate,  which  has  one  lug  below  to  engage  with  a  hole  in  the  tie  and 
another  lug  on  top  to  hold  the  rail  llange,  the  ballast  can,  if  desired,  be  filled  into  the 
rail  head  on  the  outer  side  of  the  track.  As  on  German  railways  it  is  the  practice 
to  widen  the  gauge  on  curves  of  over  975  feet  radius,  four  different  sizes  of  plates  and 
clamps  allow  of  eight  variations  in  gauge  of  3  millimeters,  or  about  one-eighth  inch, 
from  1  feet  inches  to  nearly  4  feet  \)\  inches.  The  arrangement  is  somewhat  com- 
plicated in  track-laying,  and  the  combinations  are  shown  in  the  table,  the  tie-plates 
and  clamps  being  numbered  0,  1,  3,  4. 


Pirst  mil. 


Second  rail. 


Gauge. 


Widening  of 
iiatipe. 


Tie- 
plate 


Clamp 
No. 


Ft.  in. 

Mm. 

Inch . 

21)11. 

4  8i 

1,435 

0 

0 

4  8| 

1.438 

3 

4  83 

1,441 

6 

4  85 

1.444 

i 

9 

4  9 

1,447 

J. 

12 

4  94 

1,450 

1 

15 

4  9i 

1,453 
1,456 

I 

18 

4  9^ 

i 

21 

Tie- 
plate 
No. 


Clamp 
No. 
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it  is  also  pos-sihl*'  to  m;iko  the  i^.TiiLCf  ti'j;ht  or  narrow  l>y  i^ciii^rally  ii^iii;;  plates  Nos. 
I  aiuliUiistcud  of  two  No.  I  pla  i  «'s  lor  t  Im?  stamlanl  «^jiu.i;i'.  A  Inmt  lL'.0:»(),()iM)  of  tlieso 
platrs  liavi'  Im'i'ii  sold  within  iw<>lv(i  years,  lor  IMoO.T  miles  of  traeU  I'p  to  April  1, 
1S:»I.  as  follow  s  : 

Mil.s.  Mil-s. 


is!>()  


  j  18iil   c:?!!.  oO 

1^^!    '•'•-<M  1892    1-7 

i^^^   :.(;.:>()    is;):;   r,()i.  50 

l>^80   77. :.(»     isiii  ,  (o  April)    ;{()-. 

issT   2i:j.  :>()   


1^^^   '^^J  I'otal  :i,  150.70 

issit   :53s 


(LM  Ilnaiinnnii'x  liDiiiitiidiiKii^  [  I'l.  IL*  of  original  report). — Louf^itndinal  Uoarinj^s  or 
sli'ojx'rs  ]ia\ e  Ix  en  in  nso  on  (uM  inan  railways  Cor  many  years,  bnt  the  oxpcrimontH 
with  tluMM  (lid  not  i:i\-e  such  resnlts  as  to  enconraj^e  thoir  continnaneo.  The  prin- 
cipal defect  of  ail  tlu^  systems  with  se])arato  sleepers  and  rails  (the  rail  and  sleeper 
not  fornuni;  one  solid  <j;irder  or  strini^er)  was  th(>  wear  between  rail  and  sleeper,  not 
only  at  the  joint,  hot  all  alony;  the  traek.  This  was  found  to  1»<^  dito  to  tho  insuHi- 
I'ient  stren<;th  and  resistanco  of  the  system,  on  account  of  w  hich  t  ho  delleetion  or 
wave  motion  under  trains  was  very  considerable,  entailin<4  very  high  expenses  for 
maintaining  the  ballast  and  track  in  good  condition.  Another  defect  was  the  weak- 
ness of  the  joints,  which  could  not  bo  spliced  so  well  as  to  give  them  at  least  the 
same  amount  of  bearing  capacity,  strength,  and  stiffness  as  the  rails  and  sleepers  had 
Itetween  the  joints.  The  same  weakness  in  track  with  cross-tiescan  be  remedied  by 
closer  spacing  of  the  joint  ties,  but  this,  of  course,  can  not  be  done  with  longitudinals, 
and  the  use  of  metal  c.oss-ties  under  the  joints  of  longitiulinals  has  not  been  found  sat- 
isfactory. Mr.  Victor  says:  ''During  tln^  last  few  years  we  did  not  turn  out  any 
longitudinal  sleepers,  and  the  system  as  a  wholemay  bo  considered  as  having  totally 
failed." 

(3)  Ifitannaiin^s  componud  rail  (PI. 12  of  original  report). — Experience  with  the  metal 
ties  and  longitudinals  led  to  the  design  of  the  compound  self-bearing  rails,  first 
introduced  on  the  steel  works  company's  lines  near  Osnabruck.  The  general  form 
was  shown  on  Plate  12  of  the  original  report,  and  tho  present  form,  with  scarfed 
joint,  is  shown  on  Plate;  oi'.  ajjpended  hereto.  The  rails  are  scarfed  or  halved  for 
several  inches  from  the  end.  and  secured  by  eight  bolts,  six  of  which  pass  through 
both  rails.  Tlie  vail  forms  a  high,  strong,  and  stilf  stringer,  whoso  moment  of 
inertia  anil  resistanci;  ar(;  sev(;ral  times  as  great  as  those  of  separate  rails  and 
stringers  of  e([ual  weight  (each  of  Avhich  is  too  weak  in  itself).  The  dellections  are 
thus  very  greatly  reduced,  and  the  great  diflerenc(;  in  this  respect  between  the  self- 
bearing  rail  and  tho  ordinary  T-i"iil  on  cross-ties  during  the  passage  of  trains  was 
shown  l)y  diagrams  forming  part  of  Mr.  Ilaarmann's  wonderful  track  exhibit  at  the 
World's  C'(dumbian  Exposition  at  Chicago  in  1893.  In  some  cases  the  dellections 
measured  on  tracks  with  longitudinal  sleepers  w^ere  even  greater  than  those  on 
tracks  with  cross-ties.    Dr.  Vietor  writes  as  follows: 

"  In  general  these  diagrams  prove  the  principle  that  the  stronger  tho  rail  the 
smaller  are  the  maintenance  e\])enses.  including  in  the  rail  the  gain  of  strength  by 
I>riiP4  sleepers  or  noi .    It  is  t  nu'  that  a  i  aii  laid  iipon  sleepers  need  not  b(!  of 

tin' same  strength  and  weight  as  a  self-bearing  tail,  luit  I  do  not  think  that  the 
e<|uality  of  strength  and  resistance  of  a  heavy,  high,  and  sti  If  S(df-bearing  rail  could 
ever  be  reached  by  a  smaller  rail  laid  upon  woorlen  or  metal  cross-ties,  nor  that 
the  amount  of  strength  and  resistance  of  such  a  stiff  rail  couhl  ever  be  given  to  a 
complicated  track  consisting  of  rails  an<l  sbicpers,  ])rovided  that  tlie  construction 
does  not  exceed  economical  limits.  Hence  the  very  im])ortant  fact  that  the  main- 
teuunco  expenses  f)n  track-  witli  the  Ilaannann  coini)onnd  self-bearing  rails  proved 
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to  be  so  exceedingly  low.  But  there  is  auotlier  point  \Yliicli  must  be  considered  as 
adding  considerably  to  this  fact,  and  that  is  the  construction  of  the  joints.  The 
tw  o  half  beams  of  angle  section  forming  the  rail  are  made  to  overlap  or  break  joints, 
and  each  half  beam  is  spliced  not  only  by  special  angle  bars  much  heavier  than 
those  used  with  rails  on  cross-ties  or  longitudinal  sleepers,  but  also  by  the  other 
half  beam  or  half  rail.  Thus  each  half  rail  has  practically  three  strong  splice  bars? 
wiiile  in  the  usual  system  of  track  witli  rails  on  cross-ties  each  joint  has  only  two 
splice  bars  (generally  smaller).  Besides  this,  each  half  beam  represents  a  bridge- 
like guide  to  carry  the  wheels  over  the  joint  of  the  twin  beam.'' 

It  will  be  understood  that  the  novel  and  radically  different  type  of  this  track  from 
the  ordinary  track  prevented  its  l)eing  generally  and  rapidly  introduced,  and  many 
prejudices  and  arguments  had  to  be  met  and  overcome  by  ])ractical  results.  This 
however,  is  now  claimed  to  have  been  done,  as  a  long  service  on  different  lines  is 
said  to  show  an  extraordinarily  low  amount  of  maintenance  Avork.  A  section  of 
this  track  was  laid  in  1885  between  Minden  and  Hanover  on  the  Cologne  and  Berlin 
line  of  tlu^  Hanover  Division  of  the  Prussian  State  railways,  and  a  piece  of  this  was 
taken  out  in  the  early  part  of  1893  to  be  sent  to  Chicago.  The  railway  administra- 
tion had  then  found  an  average  of  50  marks  per  kilometer  i)er  year,  or,  say,  $20  per 
mile  per  year,  for  maintenance  expenses,  with  no  exjiense  at  all  for  new  ballast  or 
other  material.  Hr.  ^'ietor  says:  "I  do  not  know  any  main  line  in  the  world  Avhere 
such  results  would  have  been  obtained.  It  shows  the  way  to  save  money  in  rail- 
roading." The  com])any\s  mills  are  now  it  work  on  orders  for  1894,  and  the  mileage 
of  this  track  already  laid  is  as  follows: 

.Mil<s.  Milea. 

Before  1SS5   2.5     1S90   1.0 

1885   7.8     1891   5.5 

1886   0.  1     1892   1.3 

1887   hi.  2    1893   30.0 

1888   4.0   

1889   14.7  Total    82.  <! 


A  somewhat  modilietl  form  of  this  track,  designed  by  Mr.  Victor,  has  a  single  rail 
i>f  section  similar  to  the  compound  rail,  rolled  Avith  the  web  nearer  one  side  of  the 
rail  h<'ad  instead  of  being  directly  under  its  center,  so  that  by  cutting  away  the  side 
of  the  head  a  sc.n  f  joint  can  be  made  with  both  rail  webs  side  by  side,  sjdiced  by 
angle  bjirs  and  bolted  through  with  six  bolts,  the  lour  middle  bolts  passing  through 
both  rails  and  both  splice  bars,  and  the  two  end  bolts  ])assing  tlirough  one  rail  and 
l)oth  splice  l»ars.  The  scarf  is  about  H  inches  long.  He  has  also  designed  a  T-rail  of 
general  dimensi<ms  (to  be  laid  on  metal  or  wooden  cross-ties)  in  which  the  sanu? 
arrangement  of  hea<l  and  web  is  used,  so  as  to  permit  of  the  use  of  the  scarf  joint, 
which  it  is  hojied  will  be  giv<*n  a  trial  in  tliis  country,  where  the  lail  joints  give  so 
much  trouble. 

AUSTRIA  AND  HUNGARY. 

General  Khmauks. — In  Austria  the  Hobeuegger  S3^steln  of  metal 
lon.iiitndiuals  and  tlie  Heindl  system  of  metal  (;ross-ties  are  both  exten- 
sively used,  and  lavorable  results  are  reported  in  each  case.  The  former 
is  used  on  one  road  only,  while  the  latter  is  used  on  several  roads,  aud 
its  use  is  being  extended.  The  Heindl  system,  although  favorably  con- 
sidered in  Europe,  is  open  to  the  objection  of  complication  and  number 
of  parts  in  the  fastenings,  while,  on  the  other  hand,  to  these  fastenings 
are  mainly  attributed  the  low  cost  of  maintenance  on  one  road  using 
them. 
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Slim  iiitini  i>f  iiittiil  Irtu  k  in    liistiKi.  / 1  n  ii<ia  n/ .  timl  Hdsuui. 


A iiHsii:  aiul  rt>i)lil/.  K:iil\v;iy  

Austrian  Stair  railways   

liiiiiKMur  Kcniiiiaiul  Nitrtlicrn  Railway 

lialiriau  (Carl  Lmlwii;  Kaihvay)'  

NOrt  liwrstt  rn  Hallway  

^■iiiiImtii  Kailwav  


Total  for  Austria,  1894   

lliiiixariaii  Slato  railways  '  

llertziii^  ami  r«'rt«  iitol<ls(Iort' Tramway  *. 
i;o.siiia-lIi'r/.i'';ovina  Sti»tt>  Railway  


'I'otal  for  18S»4 
Total  for  1890 


Loiif;i- 
tudinals. 


56. 00 


56.  00 


6. 43 


62.  43 
66.  56 


tioa. 


0. 62 
150. 00 
1.24 
.62 


:J4 


l.')2.  K2 
L.IO 


Total. 


Milet. 

0.62 
150. 00 
1.24 
.62 
56.  00 
.34 


11.72 


166.  04 
56.  37 


208.  82 
1.50 
«.  4:{ 
11.72 


228.  47 
122.  93 


i-'iuincs  iVoni 


;iiial  It-port. 


A  I  ssK,  \M)  Tkim.i  rz  IJailavay*  (gauge,  4  feet8.|  iuclios). — The  fol- 
low ing  return  \v;is  iiiiulc  in  1S!)2  in  regard  to  the  Heiiicll  steel  ties,  whieli 
were  of  section  A.  tor  nniin  tracks,  laid  for  0.(>2  mile  in  1883: 

111  lS8.'-{  then'  wt-ic  l.KHi  lies  laid,  and  tlicy  have  fulfilled  all  re(iiiirenu'uts,  keejiiiif^ 
l)erfect  line,  snrlace,  and  «;an.oe.  The  cost  of  maiuteiiance.  is  110  florins  i)er  Icilonie- 
ter  per  3'ear.  as  aizaiiist  '2'AO  llorins  for  Avoodeu  ties,  and  no  new  material  has  been 
H'(|uired.  I'lic  ballast  is  of  broken  stone  antl  gravel  and  behaves  well.  Tlietie  is 7.87 
feet  long  and  weighs  15S.  i  pounds.  Tlie  ends  are  closed.  The  rails  weigh  70  pounds 
jter  yard,  and  the  track  H2S  ])onnds  per  yard.  Tlie  ties  offer  greater  resistance  to 
lateral  motion  than  the  wooden  tics.    Tlie  life  will  probably  be  of  long  duration. 

ArsTRiAN  State  IJailways.*  (gauge,  4  feet  8J  inches).— As  stated 
in  my  former  report,  extensive  experiments  have  been  made  with  the 
lleiudl  type  of  steel  cross-tie,  of  which  38  miles  had  been  laid  in  the 
main  track  up  to  the  end  of  1893  (see  notice  of  the  Heindl  tie  farther 
on),  or  this  total  10.75  miles  are  on  the  standard  gauge  Eisenerz-Yor- 
denbeig  rack  lailway,  laid  with  the  Abt  rack-rail  system.  Up  to  the 
present  time  about  .'),0()0  switches  have  been  laid  with  metal  ties,  rep- 
resenting a  length  of  112  miles.  These  ties  are  also  laid  through  the 
Arlbcrg  tunnel.  The  follow  ing  is  an  abstract  of  a  statement  issued  in 
IS'.IL'  relative  to  the  early  sections  of  track  laid  in  1883: 

The  traftic  is  lieaxy,  w  itli  a  niaxiniiini  speed  of  'M  miles  ])er  hour.  The  safety  and 
condition  of  the  track  are  i>erfe(  t.  The  cost  ibr  maintenance  is  higher  than  with 
wooden  ties,  but  less  material  is  refjuircMl.  No  wear  has  been  observed,  no  ties  have 
been  renewed,  and  the  shape  of  lies  ami  fastenings  is  satisfactory.  Good  ballast  is 
an  essential  condit  ion  for  good  track,  and  tlie  ties  must  be  well  tamped.  A  few  of 
the  bolts  broke. 

The  ties  laid  in  IS^iionthe  Severic-Kniii  division  of  the  Knin-Spalalo  line  for  13 
miles  weighed  ])ounds,  being  tyjte  "  C,"  for  lighter  lines.  They  are  5.2  inches 
wide  on  t(»p  and  9.2  inches  over  the  lower  vertical  parts  of  1  lie  sides ;  the  total  height 
is  3.2  inches,  of  which  the  lower  l.S  inches  are  vertical,  ilie.  ends  are  lieni  down 
vertically,  th(5  <lei)th  o\  er  end  being  I  inches.  Tlie  top  is  0.31  inch  thick,  the 
inclined  8i<les  0.32  inch,  and  the  vertical  part  tapering  from  0.28  inch  downward  to 
0.16 inch.    This  track  is  well  adajited  tf)  the  conditions,  but  tlu'  tralHic  is  light. 

The  railway  administration  placed  large  orders  in  1892  with  Austrian 
rail  mills  for  the  lieindl  steel  ties,  and  in  1893  the  records  for  the  pre- 
vious eight  years  showed  a  decided  saviii;^"  in  (;ost  of  maintenance  foi" 
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track  laid  with  these  ties  as  coniparetl  with  track  laid  with  oak  ties 
treated  by  the  chloride  of  zinc  process.  Tlie  entire  saving  for  the  eij^lit 
years  was  13.8  per  cent.  It  was  stated  that  the  attachments  of  the  rails 
to  the  ties  reciuired  no  tightening,  and  that  there  were  no  signs  of  wear, 
no  breakages  of  rails,  and  no  creeping  of  the  rails. 

Emperor  Ferdinand's  XoRTnERN  Railway*  (gange,  4  feet  8.i 
inches). — As  stated  in  my  former  report,  the  Ileindl  steel  cross  ties 
were  laid  in  Angnst,  1883,  for  a  length  of  1.21  miles.  Up  to  tbe 
end  of  October,  1891,  this  track  had  carried  25,608  i)assenger  and 
express  trains,  50,323  freight  trains,  and  2,325  mixed  trains,  or  78,510 
trains  in  all.  with  an  average  load  of  527  tons,  and  a  maximum 
express  speed  of  50  miles  per  hour.  During  these  eight  years,  and  with 
a  tratlic  of  41,;)7O,O00  tons,  tlie  track  behaved  excellently.  No  a(;cidents 
occurred.  Tlie  maintenance  required  lesH  labor  than  for  wooden  ties, 
and  the  cost  ot  inaiiitenancc  during  the  .first  seven  years  was  0.2  per 
cent  less  than  lor  wooden  lies,  and  20  i)er  cent  less  for  the  first  ten  years. 
Tbe  traHic  up  to  tlie  end  of  1803  included  18,300  express  trains,  21,082 
passenger  and  mixed  trains,  and  00,.S!)5  (Veight  and  ndlitary  trains;  an 
aggregate  of  103,877  trains,  representing  a  trnllic  of  55,470,000  tons. 

The  ties  are  of  mild  steel,  7.87  feet  long,  weighing  157.0  pounds,  and 
can  y  liessemer  steel  rails  weighing  70.]  i)onnds  per  yard.  They  are 
sp;ic('(l  ;il)()ut  .'!  Icct  apart,  but  closer  at  the  susjx'nded  joints.  The 
lasteniiigs  of  the  rails  to  the  ties  are  ex(;elleiit,  do  not  show  any  loosen- 
ing or  wear,  and  no  lateral  motion  is  ])ermitted.  No  rail  breakages 
occiin-ed  in  eight  years,  and  no  ties  had  to  be  renewed.  The  life  of  the 
ties  could  not  be  estimated.  The  piinche(l  holes  Avere  found  perfect  in 
shape  and  di meiisioiis.  with  edges  sharp  and  unworn,  and  neither  base 
plates  nor  clamps  showed  weai.  The  bolts  also  showed  no  wear,  but 
201  (or  0.3S  per  cent)  had  lo  he  renewed  on  account  of  breakage;  but 
this  was  due  to  bad  handling  of  the  tools  and  was  not  a  defect  in  the 
system.  The  c()st  of  maintenance  i)er  mile  ibr  1.24  miles  oi'  track  with 
metal  ties,  and  ^J.oO  mdes  with  oak  tics  trciated  witli  chloride  of  zinc,  is 
given  in  a  i)ublished  table,  of  whicdi  the  tbllowing  is  an  abstract,  and 
Mr.  Heiudl  has  furnished  me  the  figures  for  the  last  three  years: 


1885. 
1886. 
1887. 
1888. 
1889. 
1890. 


1892. 
1893. 


Avorajie,  1884-1890. 
Avf-rag*-,  1884-1893. 


Steel  tieH. 

"Wooden  tU'S. 

Labor. 

$257.  31 
255. 89 
171.39 
12C.  73 
172.37 
1.52.  57 
96.  74 

Mtiterial. 

Ballast. 

Total. 

Labor. 

Material. 

Ballast. 

Total. 

$1.50 

5.  83 
5.84 
2.  56 

6.  93 
17.  79 
14.  05 

$258.  81 
261.72 
204.  96 
129.  29 
179.  30 
170.  36 
110.79 

$214.  90 
265.  74 
196.  70 
152.  59 
194.  24 
143.  23 
110.  27 

$2. 58 
8.  86 
8.  91 
6.18 
10.  27 
24.  36 
40. 49 

$217. -IK 
274.  00 
218.  ::o 
168.  ir> 
204.  51 
107.  5i) 
1.50.  70 



"*27.  73' 

$12.  69 
9.98 

1, 233.  00 

54.50 

27.  73 

1,315.  23 

1,277.67 

101.65 

22.  67 

l,401.!t!) 

73.  42 

86.  53 
86.  34 

4.60 
10.  03 
11.85 

78.02 
97.  16 
98.19 

108.  70 
112.83 
80.90 

104.  92 
156.  42 
177. 03 

213.  02 
269.  25 
263.  93 

176. 14 
147. 93 

7.78 
8.15 

3.95  187.87 
2.  77       158.  85 

^182.  52 
158.  61 

14.  5^2' 
54. 16 

3.24  200.28 
2.27  215.04 

RAILWAYS   OF    A  IS  Tin  A  AND 


\(;  Ain  . 


'I'lic  ;is^i>l.iiil  <lii('(  I'ii  (il  |trriii;iii(iit  \\;iy  :)ii<l  woik-  in  IS!)!*  pt'c 
l>;ir('(l  a  st a  1  fiiicii I  in  repaid  I  >  the  fo^l  of  iiiaiiitrnaiit  i'  ol"  Ihc  altoxc 
iiinit  ioiMM  I  tiaclx,  ill  aiiswcr  lo  a  si  al  ciinait  l)\  Mr.  Jaiiss;'ii.  <»!'  llic 
I'x'luiaii  Stah'  iail\\a.\  s,  show  iiii;-  im la Nora bic  i«'siills  ;is  to  tlic  cost 
will)  the  metal  Hark  in  use  on  (lie  latter  loads.  I  >mi  n-  1  lie  nine  yea  is 
irial.  uimIci'  licaN  V  traHii-  ilic  metal  Irack  remained  iiilae!.  while  llie 
track  on  wooden  lies  jircsculcil  sii^ns  of  wear  con*  si)oiid  i  ii^i;-  to  the 
tral'lic  and  aue.  I'.ol  h  systems  of  (rack  ha<l  (he  same  rails  and  rail 
joints  and  carried  I  he  same  t  raflic.  1 1  e  a  1 1  ri  bii  I  (m1  the  perfect  se(airity 
of  the  rail  fastening-  to  the  use  of  a  tie-i)]ate  ])r<'veiite(l  from  m(>ti()M  on 
the  tic.  thus  axoidiim"  aii,\  direct  thrust  of  tlie  vail  llaii<ie  iqxni  the 
outer  fastcniii^s  or  n];on  (he  tie  it  self,  while  the  phjte  also  serves  to 
distribute  the  ctVeets  of  sluxd^sou  the  rail  hea(i.  The  rapid  detoriora- 
liou  of  ballast  iiote(l  on  the  liel^iiiaii  kState.  railways,  re(iniriu<;'  the  lay- 
iiiLi  nf  enoniu)us  (|iiaiii  il ies  of  ])rokeii  stone,  he  attributed  to  a  defective 
system  of  fasteiiin-s  on  the  Post  and  Braet  ties  and  the  consequent 
haiumcrinu  of  the  lies,  to  the  absence  of  tie-phites,  and  to  the  use  of 
too  haid  a  steel.  lie  )>repared  also  the  foHowing;  comparative  statement 
of  Mr.  daussen's  ti,<;ures  of  the  average  x^er  mile  per  year  for  cost  of 
mainiciiaiice  Ibr  li\e  yearson  tlie  Belgian  State  railways  and  the  figures 
per  year  for  an  average  <>t"  nine  years  on  the  Emi)eror  Ferdinand 
Northern  liailwav : 


Labor. 

Material.; 

Ballast. 

Total. 

Belpian  State  railw.iys: 

Oak  tii-.s  '.  

^2n.  GG 

$1.93 

$28.  59 

261.  ;}7 

V2.  8G 

$282.' ib' 

556.  33 

205.  32 

1.5.54  , 

315.80 

53G.  66 

EiiijMMor  Ferthiiaiul  Xorthern  Railway: 

Oak  tie.s  

166.  58 

40.51 

2.  51 

209.  60 

Heindl  steel  ties  

154.  77 

7.75  j 

3. 07 

165-.  59 

III  l.sDl  the  cost  of  maintenance  per  mile  was  'SL>1;).(;2  tor  the  track 
on  wooden  ties  and  -i^TS.o^  tor  that  on  steel  ties. 

A  geiuMiil  summary  of  tliese  details  of  cost  of  maintenance  per  mile 
are  as  follows,  including  labor,  track  material,  and  ballast: 


Year. 

Track  on 
metal  ties. 

Track  on 
wooden 
ties. 

1884  

$•_'!.'>. -JO 

$178. -.2 

2 IS.  OH 

228.  80 

1886  

170.  73 

181.89 

Wl  

1117.  72 

139.81 

1888  

149.41 

170.  40 

1889  

141.1K'> 

139.  65 

Year. 


1890   

1891   

Total.... 
Average 


Track  on 
metal  ties. 


.$92.  35 
65.  02 


1.  160.  49 
145.  06 


Track  on 
wooden 


$109. 60 
177.  98 


1,  326.  05 
165.  83 


This  shows  an  economy  in  cost  of  maintenance  of  l.J.S  pei-  cent  m 
favor  of  the  metal  track.  The  great  increase  in  the  cost  for  ISIH  on 
the  trac  k  with  wooden  lies  is  due  to  the  fact  that  the  necessity  for 
renewal  began  to  impose  itself,  it  is  evident  that  tins  renewal  will  in 
future  constantly  increase  the  cost  of  maintenance. 
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Northwestern  Railway  *  (gauge,  4  foet  SA  iuflies). — The  II  olio 
uegger  system  of  metal  longitudinals,  as  used  upon  59.^  miles  of  this 
railway,  was  fully  described  in  my  original  report  (p.  158)  and  this  sys- 
tem of  track  was  advocated  by  Mr.  Thomas  0.  Clarke,  M.  Am.  Soc.  0. 
E.,  in  a  x)aper  read  before  the  American  Society  of  Civil  Engineers  in 
1891.  The  paper  was  accompanied  by  a  letter  from  Mr.  Hohenegger, 
which  I  give  below,  substantially  in  full.  Some  extracts  from  the  dis- 
cussion on  the  subject  when  presented  before  the  society,  and  some 
further  remarks  on  the  question  of  the  relative  merits  of  longitudinals 
and  cross-ties,  are  given  in  Part  ii  of  this  report. 

I  have  used  in  my  system  of  siiperstructare  -with  louiiitudiiial  bearers  that  is  dis- 
cussed by  you  both  the  combined  joint  and  the  broken  joint.  In  the  hitter  the 
joints  of  tie  and  rail  do  not  coincide.  The  combined  joint,  in  which  rail  and  lon- 
gitudinal bearer  butt  against  eacli  otlier  on  the  saddle-shaped  splice,  facilitates  the 
laying  of  the  superstructure  somewhat,  and  gives  generally  good  results,  because 
the  carrying  capacity  of  rail  angle  bars  and  of  tie  splice  equals  about  that  of  rail 
and  of  longitudinal.  The  broken  joint,  however,  seems,  in  the  length  of  time,  to 
ot^er  more  resistance  against  the  depression  of  the  joints.  I  have  tried  both  systems 
from  the  beginniui;-,  in  order  to  gather  experience  and  to  rei'uforce,  if  necessary,  those 
parts  of  the  joints  which  should  i)rove  too  weak.  Obvious  weaknesses  in  this  regard 
have  not  been  noticed  up  to  th«'  present  time,  but  I  would  now  give  a  larger  bearing 
surface  to  the  tic  saddles. 

The  fastening  of  the  rails  on  the  lon^^itudinal  bearers  by  means  of  wedge-shaped 
clamps  which  bear  a<;ainst  wedj^e-shaped  ribs  of  the  longitudinal  bearers  proves 
»'minently  satisfactory,  with  the  only  alteration  that  we  used  two-sided  unsym- 
motrically  formed  clam])S  instead  of  the  one-sided  ones,  to  facilitate  the  obtaining  of 
the  correct  gau^e  where  the  cross-ties  are  not  well  punched  or  where  they  are  bent, 
as  in  curves.  The  we(lg»'-shaped  form  of  the  clamps  has  d()ue  away  entirely  with 
the  very  undesirable  rnsting  together  of  the  bolts  with  the  bearers.  The  exchang- 
ing of  worn-out  or  injured  rails  is  ellected  very  e;isily  without  any  disturbance  what- 
soever of  the  position  and  of  the  fastenings  of  the  longitudinal  bearer. 

Within  the  fourteen  years  of  theexistenceof  this  superstructure  with  longitudinal 
bearers  two  «  ases  only  of  l)reakage  of  rails  have  occurred,  and  in  these  several  trains 
passed  without  derailment  over  the  remnants  of  the  rails  that  had  been  broken  in 
many  pieces.  In  both  cases  blow  hoh'S  caused  the  heads  of  the  liessemer  steel  rails 
to  be  shattered  in  many  small  pieces,  so  that  the  wheels  ran  without  being  derailed, 
partly  on  the  rail  web,  partly  on  the  lon^itadinal  bearers,  though  one  of  the,  brol\en 
pieces  belonged  to  the  outer  rail  of  a  rather  sh.irp  curve. 

I  have  never  introduced  gauge  rods  proper,  as  they  are  used  in  the  superstructure 
with  longitudinal  bearers  of  the  German  railways,  but  have  l)een  satisfied  with  om^ 
transverse  angle  iron  for  each  9.81  feet  (3  meters)of  l>eai  ers,  fastened  to  the  lower  side 
of  the  bearers  with  short  pieces  on  the  saddles.  This  transverse  connection  has  per- 
fectly sufticed  to  maiutainthe  gauge;  if  it  should  not  prove  sufiQcieut  more  cross 
connections  would  be  put  in  place  without  great  expense,  but  they  have  not  been 
necessary-  so  far. 

The  longitudinal  bearer,  transverse  angle  tie,  and  tie  saddles  are  easily  tamjjed 
with  gravel  when  the  superstructure  is  newly  laid.  In  later  years,  after  the  box- 
shaped  volume  of  ballast  underneath  of  the  longitudinal  ties  has  consolidatedinto  a 
mass  like  concrete,  the  longitudinal  bearers  must  be  lifted  off  it,  and  this  ballast  has 
to  be  replenished  l)y  a  layer  of  line  ballast.  However,  this  work  becomes  necessary 
only  very  seldom,  because  the  superstructure  with  louf^itudinal  bearers  retains  its 
position  much  better  than  if  laid  with  transverse  ties,  which  each  give  way  sepa- 
rately. 


iv'Ali.WA^s  <)|-    \isii;i\    WD  .').') 

Tlif  i-aisiii'j,-  oT  iln-  mi  |  n  r-,  i  iiu- 1  n  i  c  \\  Inn  drpi  css.mI  i-.  mtiir  <liHiiiili  willi  iion 
t  iTsc  lirs  tliiiii  willi  1  >  h  i  u  1 1  im  1  i  1 1  ;i  I  lir.i  i  n  s.  tui'  llir  ir.isnii  tlial    II  i>  n«ii  iio-siM.- 

(.1  raise  ;i  siii;;lo  tr;iii>\ I  r--<'  lie  without  iiiisikw  iiil;  a  |t:iir  rails,  wiM-rras  wiili 
loiiiiiliHliiial  hearers  rai  I  anil  L.'a  ler  ea  ii  l>r  lil"te(l  I  ..-el  In  r.  ne.'esMitat  iliLj  only  the 
ItiosiMiiii';- of  tlir  rail  aiiuh-  l>ars. 

Tlie  T-'^'''il'"''  loiiuit  mliiial,  as  tiied  in  is;:;  l.\  ihc  L'eeh  t  s-l  .'hei  iii>ehe  l>  a  i  1  w  ay 
rriissiaii  Slate  K'ail\\  a>  ,  (  tihvmie  I  »i  \  isioii,  l  i^ht  1  >a ii Ix  < •  T  I  he  Iv'hiiie  >.  has  iiol  |n  u  \  ed 
a  >iicee>s,  l.eeaioe  llie  \erlieal  \\t'l»  n|'  the  T  ItM's  a--ii!i(h'r  the  I  m  )\ -sh  a  |  mm  1  iiia^s  of 
,  uiiipaet  Itallast  insteai!  ol'  Imhliiiu  it  tonct  her  ami  of  i;ra(liiall\  leiidei  i  iiu  i  t  a  unit. 
\  1!  lon  ui  t  iitlinal  liea  icrs  a  ml  t  ran--\  erse  I  ies  si  in  i  1  a  rl >  slia  ped  ha  \ c  lieeii  d  i>ea  rded  for 

line  time  a^  min]iraetieal.  1  ii  order  t  <>  1  a  \  tin-  eiir\esof  thetratdK  (he  lonuiliidi- 
nals  lia\ e  to  l)e  Iteiit  in  t  he  i roii  worivs  aecordiiii;-  to  llie  r<M|uirciM(!iit.s  of  tln^  curve. 
The  siiitei  N  i■^in^  (Miui neer  must  have  an  aet'iirato  table  1  liat  shows  liow  t  lic!  segments 
foMow  each  other,  and  he  must  lay  the  Ion u 1 1  nd i iia Is  eoiKSecutively  and  in  accord- 
an<'e  w  it  li  i  I  .  The  la  \  i n ^  i s  done  \er\  rapidlx  i  f  this  rule  )>0  obserxcd.  Up  to  984 
feet  liliH)  meter-- 1  (d"  (ra<  k  an'  |iiit  dow  n  per  day  on  track  where  frequent  trains  are 
rnuninu.  I  hat  is  twice  a^  inm  h  Ira.  lc  as  could  be  renewed  with  transverse  ties. 
'I'lie  su)ierele\  at  ion  of  the  (nii(  r  rail  docs  not  otl'cr  any  known  diflicultics.  The  con- 
nection with  ero» oxers  and  s\\  itelics  is  not  mon^  dillicult  than  in  track  with  trans- 
verse ties,  if  rail  anule  l»ars  id"  e(|iial  section  are  used  and  if  the  cross-overs  are  ])ut 
down  on  transvor.se  ties.  We  do  not  have  cross-overs  on  longitudinal  bearers.  (The 
switch  rails,  however,  are  on  the  longitudinals. — k.  k.  1{.  t.) 

riie  lails  on  longitudinal  hearers  are  essentially  lighter  than  those  on  tj'ansverse 
ties.  ilie\  \\  eigh  onl\  .".  l.;)2  pouuds  jier  yard  (27  kilos  per  meter),  against  fifi.l  pounds 
per  yard  (^oo  kilos  per  meter).  Transverse  fractures  of  rails  have  not  yet  occurred, 
those  two  cases  excepted  where  the  rails  "were  destroyed  through  blowholes  of  the 
muatts.  The  rails  are,  as  a  matter  of  course,  made  of  harder  steel,  while  the  longi- 
tudinal Itearers  are  manufactured  from  soft  Gilchrist-Thomas  metal. 

I'p  to  date  about  55.S9miles  (90  kilometers)  of  track  withlongitudinal  tieshave  been 
laid  and  have  given  sat  isfaction  in  (!very  respect.  The  quicker  extension  of  this 
system  is  retartled  only  by  the  high  prices  of  the  ironworks.  Dillieiilties  as  to  the 
drainage  of  this  superstructure  have  not  appeared;  coarse,  water-transmittent  sand 
must  be  called  the  most  appropriate  material  for  ballasting.  The  superstructure 
with  longitudinal  hearers  has  especially  given  good  service  with  sliding  substruc- 
ture. ( )ursuperstructnrewith  wooden  cross-ties  has  been  considerably  strengthened 
and  has  been  made  steadier  by  the  introduction  of  the  large  tie-plates  of  my  system. 
PI.  2.) 

SouTHEHN  llAiLWAY  (saiige,  4  feet  S.i  iiKjlies).— ( )ii  the  length  of  0.55 
mile  l>etw(;eii  Leol)eii  and  tlie  vSee.^rabeii  colhei  ies  the  Heindl  steel  ties 
were  laid  in  1884  for  0..'34  mile  on  a  <;radc  of  3.3."^  per  cent.  A('Cording 
ro  a  statement  issued  in  18i)U  tlie  ties  are  of  type  "A"  for  main  lines,  7.87 
teet  long,  0  inches  and  10.4  inches  wide  on  toj)  and  bottom,  and  4  inclies 
•  icep.  weighin''- 154  ])oun(ls  each.  The  lails  are  24. (>  feet  long,  weigh- 
ing TO  pounds  per  yard.  Tiic  tr;icl^  is  completely  safe,  and  there  has 
l)(>on  no  loosening  of  l.iolts  or  widening  of  gauge.  At  first  the  track 
slutted  somcwiiat,  owing  to  the  settling  of  the  embaiikiiu  iits,  but  now 
it  is  stable,  and  there  is  neither  lateral  motion  of  track  nor  cree])ingof 
the  rails.  The  lal)oi  of  iiiaiiiteuance  is  much  less  than  for  the  wooden 
ties  in  the  adjacent  ti  ;i<  k  under  the  same  conditions  of  grade,  etc.,  but 
uo  records  ot  the  actual  cost  have  been  kei)t.  Xo  rails,  ties,  or  fasteu- 
iiigs  have  been  renewed.  The  total  d;nly  tiaflfic  is  about  1,000  tons,  or 
a  total  of  2,700,000  tons  up  to  tlie  timeot  the  aliove  statement.  The  bal- 
last is  of  br()ken  stone,  winch  is  ])i  et"er;ible  to  river  gravel,  as  it  gives 
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better  diainaj^e  and  adapts  itself  better  to  the  slope  of  the  interior  of 
tlie  tie.  The  weight  and  shape  of  the  ties  have  proved  satisfaetorj^ 
and  no  wear  is  observable.  The  speed  of  trains  is  only  7.4  miles  per 
honr,  owing  to  the  heavy  grade.  In  1852  the  administration  invited 
tenders  for  35,000  metal  ties. 

TIKS. 

He'nuU  tie'  {see  IM.  No.  2). — The  steel  cross-tie  with  bolted  clamp  fastenings, 
desigucd  by  Mr.  Frauz  Heiudl,  chief  inspector  of  the  Austrian  State  railways,  has 
been  described  in  niy  Ibrnier  re])ort  (pp.  l.")?,  168,  and  PI.  14),  and  farther  particu- 
hirs  will  be  I'ounil  under  the  headings  of  the  several  railways  upon  which  they  are 
nsed,  a  list  of  which  (completed  by  Mr.  Heindl  to  the  end  of  1893  for  the  purpose  of 
this  report)  is  given  below.  It  has  already  been  pointed  out  that  the  ties  are  very 
heavy,  heavier  iu  fart  than  seems  ueceessary,  while  the  separation  of  each  rail  elamj) 
into  two  pieces  appears  to  be  objectioaable.  There  are  five  principal  sizes  of  these 
ties,  A  and  Ji  for  main  lines.  C  and  D  for  branch  and  less  important  lines,  and  E  for 
narrow-gauge,  secondary,  aud  local  railways.  The  general  particulars  of  these  are 
as  follows: 


Weight  jKiunds. 

Li'Dgth  let't . 

Widtli  on  ti>j)  iiiclu'.s. 

Width  over  vi-rtit  al  side;*  (li>. . . 

liei;;ht  do... 

Of  vertical sidt's  do... 

Over  end   do. . . 

Thickness— 

Of  top  table  d<.... 

Of  incliiH'd  side;*  do... 

Of  vertical  sides  do. ,  . 

Area  of  cross  .section  .square  centimeter. 

lleigbt  from  bottom  to  center  of  gravity  inches. 


A 

r.. 

I.. 

E. 

-!  1.58.4 

138.6 

116.6 

112.2  1 

68.2 

8.  20 

7.  57 

7.57 

5.  25 

.'  (> 

5.  20 

5.  20 

4. 80 

8.  8(1 

.  10.40 

!t.  60 

9.  20 

8. 80 

8.40 

4.00 

3.  6(> 

3.  20 

3.  20 

2.  80 

.1  2.40 

1.80 

1.80 

1.00 

.  5.20 

4.  80 

4 

4 

3.  GO 

.36 

.34 

.34 

.32 

.32 

.32 

.30 

.  28 

<,  .28 

.28 

.28 

.24 

.20 

■\\  -16 

.16 

.16 

.16 

.  16 

.1  36.70 

31.04 

27.  30 

26. 46 

23.30 

■J. .')() 

2.  22  1 

i 

1.98 

The  Heindl  system  is  (•omi)licatO(l,  as  has  already  been  noted.  I'or  a  20-foot  rail 
the  following  material  is  required:  Eight  ties,  4  splice  bars,  8  bolts  lor  splice  bars, 
It; tie-plates,  82  wedgts,  32  fastening  bolts,  16  braces.  The  first  cost  ]»cr  tie,  with 
accessories,  is  .$3.82.  The  following  table  gives  a  list  of  the  several  railways  upon 
which  this  s\steni  has  been  used: 


Track  laid  with  Heindl  ntcel  ties. 


Year.  No.  Kailwav. 

I 


1883 

1 

1883 

2 

1883 

3 

1883 

4 

1883 

5 

1883 

6 

1884 

7 

1884 

8 

1884 

9 

1885 

10 

1885 

11 

1886 

12 

1886 

13 

1887 

14 

Au89iK-Tei)litz  

Bavarian  State  

Emp.  Ferd.  Northern 
Au^<trian  State  


Location. 


...do  .... 
...do.... 

...do  

...do   


Lcnfrth. 


.Southt-ru  (Austria). 

Havarian  State  

Au.strian  State  


Uavarian  State 


Au.strian  State. 
Bavarian  State. 


TJllersdorf-Diix  

Ive;;en.sbur<r  division. . 

AnKcrn-Durnkrut  

Bri  itcn.s ch  utzung- 

Scliw  anen.stadt. 

Kosten-Uux  

Grybo%v-Pta.szkowa  .. 

Klaia-Bochnia  

Arlberg  tunnel,  track 

No.  1. 

Leoben-Seegraben  

Bamberg  divi.sion  

Arlberg  tunnel,  track 

No.  2. 
Municli.  Ro.senheim, 

and  Wurzburg. 

Siverec  Kuin  

Munich  andKosenheim; 


0.02 
.17 

1.24 
.62 

.62 
.06 
.62 
6.63 

.34 

23.  25 
6.  63 

12. 90 

13.02 
14.  77 


Length 
licr 
year. 

Maxi- 
mum 
grade. 

Mini- 
mum 
curve 
radius. 

Typo 
of  tic. 

Miles. 

Perct. 

Feet. 

0. 86 

1,554 

A 

A 

.04 

4, 356 

A 

.37 

1,870 

A 

1.30 

931 

A 

3.  33 

1.80 

984 

A 

.06 

3. 109 

1.50 

984 

7.  59 

3.  33 

492 

A 

2.50 

984 

B 

29.  88 

1.50 

984 

A 

B 

25. 92 
14.  77 

...L.. 

984 

C 
B 

1888 
1889 

180II 
185M 
1K91 
18UJ 
1803 


IJAII.WA^.--   <»1     I'.nsXTA    AND   S  W  ITZ  K  K"  I .  \  M  ). 

I'ntrL  laid  II  ill,  lli  iiull  sit  ,  I  (lilt  mii(  «l. 


K:iil\va>. 

I.otalioii. 

Lentrtb. 

L.nytb 

p.T 

\  fai". 

Ma.xi 
innni 
uradf. 

Mini- 

IIIIIIM 

ciirvu 
radiua. 

Typo 
of  tie. 

IJiimbor'^  IiT'olsladt. . 
^liiiiicli,  ]N  11 1'oiiilxM*", 

K(';rf»slicr;:. 
l\os('ii1i(*iiu a^d  \\' iir/- 

bur;;. 

K«»nii<'a  Saia.jt'vo  

Saiiic  a.H  l.'i,  Hi,  17  

Ki.Mcuorz-Vordt'nibiTg 

53.  55 
•24.  04 

35. 11 

11.72 
62 

10.  54 
78.  32 

W.\.  55 
21.04 

■Hi.  83 

72.54 
106  05 
78.  32 

J  •tret. 

Feet. 

BD 
H 

jj 

E 
B 

C 

!  ;!;;  

.1..  

1;<.>im:i1I.  r/.<      Slat.-. . . 

HavariiUi  Slate  

Au.striaii  Stair  

G 

7. 10 

:iU8 
590 

do 

Total,  to  «  ih1  of 
181I3.  Ciriiiaiiy 
(IJnvaria). 

Total,  to  ciiil  ol" 
1893.  An.sti  ia. 

Total  travk  

409.  82 
52.70 



462.  82 
111.60 

Total  a  \v  i  tc  b  »■  8 
1  .\  Mstrian  Stat*- 
railwax  .s). 

(Iraiid  total,  i  iid 
of  1893. 

- 



574.  42 



BOSNIA. 

Bosnia-Herzegovina  State  Railavays  (gauge,  2  reet6.;J  iiiclies).— 
On  tlu'  line  tvom  Ivonjicca  to  Sarajevo,  a  length  of  11.72  miles  was  laid 
with  tlio  llcindl  sttM^l  cross-ties  in  1S90.  The  maxiinum  grade  is  (>  per 
percent,  the  line  being  operated  on  the  Abt  rack-rail  system.  It  is  the 
inomitaiii  (lix'isioii  of  tlic  r.iilway  ^Vom  Ostrozac  to  Sarajevo,  crossiiig 
tin-  I\;ni  Mountains. 

s\\  ITZERI.AND. 

GioxiniAL  RE:vrAinvs. — The  experience  here  has  been  about  tlie  same 
as  in  (lerniany,  being  so  satisfjictory  that  the  use  of  metal  ties  has 
been  ('onsi(lera))ly  extended.  The  Gotthard  Railway,  for  instance,  has 
adoi)ted  tlicm  for  switches  as  well  as  ordinary  track.  Metal  ties  are 
used  also  on  a  number  of  steei)-grade  rack  railways,  built  for  tourist 
travel.  Statistics  pui)lishe(l  in  1S!)4  give  the  following  i)ercentages  of 
nu'tiil  and  wooth'ii  tics  on  tin'.  fi\  e  i)iincii)a]  railways: 


llailu  ay. 

Metal 
ties. 

Woodt'ii 
ties. 

Railway. 

Metal 
ties. 

Wooden 
ties. 

Swis.s  ffiitial  

(ioltliard   . 

Per  cent. 
60.  1 
57.  7 
3!».  8 
33.1 

Per  cent. 
!) 

42.3 
02.  2 
66.9 

Uiiitfd  Swiss  

Average  

Per  cent. 
17.9 

Per  cent.  ' 
82.1 

Xortheastrni  

41 

59 

•Jiira-Simi»l"ii   

1 

The  t'ollowin.ii  smm 
f;ir  below  the  existiii 

lary  ol'  inetal-ti  aclv  inihMgc"  is  ahnost  certainly  very 
g  mileage  at  the  present  time,  and,  judging  from 

the  above  table  of  percentages  and  from  the  ])robable  omissions,  it 
appears  fair  to  assume  that  the  actual  lotal  is  probably  lit  least  500  miles 
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instead  of  U\)  miles.  Iii  the  forinei  report  the  actual  total  was  oi yen  as 
397  miles,  as  against  a  total  of  304  miles  compiled  from  returns.  The 
numerous  rack  railways  for  mountain-climbing  tonrist  traffic  account 
partly  for  tliis. 

On  tlie  five  principal  railways  of  Switzerland  the  percentage  of  track 
laid  with  steel  ties  is  as  follows:  Gotthard  Eailway,  57.7  per  cent; 
Jura-.Simplon-liailway,  33.1  percent;  ^Northeastern  Eailway,  30.8  per 
cent;  Swiss  Central  Eailway,  60.1  4^er  cent;  United  Swiss  Eailway, 
17.0  per  cent.  They  are  also  extensively  nsed  on  the  smaller  roads, 
and  almost  exclusively  on  the  several  rack  railways  of  steep  grade. 

Summary  of  metal  track  in  Sicit:erland. 


Brieiitz  aud  Kotliliorn  Rack  Railway  (1892) 

Bnr«;en.stock  Rack  Railway  (1890)  

Gottlianl  Railway  (1894)  

  4.71 

Jura-Siiuplou  Railway  (1890)  

Mount  Gcneroso  Rack  Railway  (1893) 

Mount  Pilatus  Rack  Railway  (1890) 

Northeastern  Railway  (1890)  

St.  Gallen  and  Gais  Rack  Railway  (1892)  

  8. 75 

Swi.ss  Central  Railway  (1890)  

United-Swiss  Railway  (1890)  

Viege-Zermatt  Rack  Railway  (1891) 

Wengern  Alp  Rack  Railway  (1893)  

Total  lor  1894  

BriExXTz  and  EoTirnoRN  Eailway  (gauge,  li  feet  8  inches).— Tliis 
railway  is  a  mountain  rack  railway  for  tourist  frame,  and  is  4.71  miles 
long  with  a  l  ise  of  r>,.-)17  Icel,  or  1137  feet  more  than  a  mile.  The  grades  are 
20  to  i)cr  cent ,  reduced  to  5  per  cent  at  stations.  The  rack  is  of  the 
Abt  system,  witli  two  l  ack  bars.  The  track  consists  of  40-p.mnd  steel 
T- rails  fastened  by  bolted  clamps  to  steel  trough  cross- ties  5.0  feet  long, 
weighing  55  pounds  each.  The  chairs  for  the  rack  bars  are  bolted  to 
the  middle  of  the  ties.  The  total  weight  of  the  tra(;k,  including  rack 
bars,  rails,  cross-ties,  and  fastenings  complete  is  220  pounds  per  yard, 
and  the  cost  was  820,100  per  mile.  The  engines  weigh  17  tons,  on  4 
driving  and  2  trailing  truck  wheels,  with  a  total  wheel  base  of  OJ  feet. 
The  cars  weigh  2^  to  5  tons  each.  The  ties  are  of  the  usual  trough 
section,  with  a  rib  on  the  lower  edges.  They  are  0  feet  long,  5.1  inches 
wide  on  top,  S.l  inches  over  the  bottom  ribs,  2.54inclies  deep  inside,  0.25 
inch  thick  on  top,  and  0.20  inch  at  the  sides.  The  ends  are  tlared  out 
and  bent  down,  being  3.0  inches  deep  and  10  inches  Avide.  They  are 
spaced  IS  inches  apart  at  the  rail  joints  and  3  feet  apart  elsewhere. 
The  ties  are  laid  in  broken  stone  ballast,  witli  dry  walls  at  the  sides 
and  a  bottom  course  of  large  stones.  The  width  over  the  walls  is  0.84 
feet,  and  the  depth  from  top  of  tie  to  roadbed  is  18  inches. 

Gotthard  Eailway*  (gauge,  4  feet  8^  inches).— The  following 
statement  was  made  to  me  in  April,  1804,  by  the  chief  engineer  of  the 
road : 


SWISS    KA  II. WAYS. 
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ties.  Mxcrpt  ill  loiii,^  tiiiiiit'N  llir  do  iiol  nisi,  nor  is  lln-n-  ;iii\  ni»  ;isiir,ililr  wcir 
at  tilt' coiitMct  ol'llir  i;iil  llaiiuc  ;iml  ImnI  m  i  ii<i;.  CiacKsin  I  In-  1  o|.  l  alilr  ha  \  c  lu-cii 
noticed  (>m1_\  in  ilic  ties  iiirn isiird  to  us  on  llic  liasis  (d'  oiii  lir>t  sincilicat  ioiis,  and 
ill  const'iiiifMff  <il"  iIk-sc  ciac  lvS  alioiil  L'  \n  v  ct'pl  of  tlic  li<'s  |;iid  diiriiii;  tlic  yrais 
l8Sr)-'S7  liavr  had  lo  \)r  lalvcii  onl  ol'  llir  main  liai  ks.  In  ioii'^  tnniH'h  llir  nirtal  tics 
rust  s»'vcrt  |\  and  wear  (  (nisidei  a ld\  at  t  lie  coutacl  surliK'cs,  nccessitat  iiii;  t  lio renewal 
olniany  of  the  tics  laid  on  our  first  trial,  hut  none  ofthost^  laid  sineo  18S7.  Tliero  is 
more  noise  of  trains  on  the  metal  tics  ihan  on  wooden  ties.  Metal  tics  l(»r  switches 
cost  about  doiilde  the  price  of  oak  tics,  hiil  the  rest  of  1  he  expense  rciniaiiis  nearly 
tlie  sanui  ^vllc(ller  iron  or  wood  is  used.  The  track  on  wooden  tics,  laiil  and  main- 
tained hy  skilled  workuien,  will  show  less  de\  iatiou  from  tlu^  standard  .i^aii^e  than  a 
track  on  metal  tics,  w  hen  used  as  well  as  when  not  loaded.  The  deviations  from 
the  ]>rescril)ed  ^au,u»',  how  e\ cr.  can  not  exceed  the  permissihlc  anioiinl  on  metal  ties> 
as  lou<i  as  they  are  not  injured,  w  hilc  on  wooden  t  ics  the  permissihlc  \  arial  ion  ma.v 
j^radually  he  exceeded. 

The  soft-wood  ties  which  were  in  the  main  \v:\vk  at  the  he<i,inuin,<;- of  the  road  lunc 
been  mostly  re])laced  l»y  metal  tics,  or  by  oak  ties  w  hen  single  ties  had  t  o  be  renewed. 
At  present  we  ha\  <'  iiti.:i  miles  of  main  tra(dc  laid  w  ifh  oak  ties,  and  15.72  miles  of 
main  tra(  k  with  soft-wood  ties  on  the  Cadenaz/o-Locarno  brancli  road,  while  on 
miles  ol"  our  main  track  there  are  oak  aud  soft-wood  ties  intermixed. 

The  double  tracking'  ot*  this  road,  involving  the  widening'  of  tunnels, 
viaducts,  etc.,  lias  been  conqdeted,  and  the  second  track  was  opened  to 
tratlic  in  May,  1893.  The  new  track  of  the  Airolo-Faido  division  is  laid 
with  steel  rails,  75  pounds  per  yard  and  39  feet  long,  having  15  steel 
ties  to  each  rail,  the  ties  weighing  127  i^ounds  each.  In  the  longer  tun- 
nels 97-1)01111(1  rails,  39  feet  long,  are  used,  and  the  rest  of  the  track  is 
laid  with  9.>-p(nind  rails  having  KJ  steel  ties  under  each  rail,  these  ties 
weighing  145  pounds  each. 

At  the  International  Railway  Congress  of  1<S92  particulars  were  pre- 
sented of  two  test  sections  each  0.02  mile  long,  witli  1,250  ties  spaced 
32  inches  center  to  center.  One  section  was  laid  with  oak  ties  treated 
with  tlic  / i lie  chloride  x)reservative  process,  8.2  feet  long,  10  inches  wide 
on  the  bottom,  G.^  to  8  inches  wide  on  top,  0  inches  thick,  and  weigh- 
ing 154  to  17()  ])f)unds.  Tlic  ballast  Avas  of  3.]-iiich  broken  stone.  The 
other  section  was  laid  Avith  the  steel  ties  shown  in  my  original  report, 
7.87  feet  long  (made  from  ])lates  8.53  long),  and  weighing  127.G  to  132 
pounds;  with  rail  fasten ings  0.10  pounds  more.  The  metal  has  a  ten- 
sile strength  of  11,020  to  12,122  i)ounds  per  S([uare  centimeter,  with  an 
elongation  of  is  to  22  ])er  cent  in  8  inches.  The  ballast  was  of  river 
gravel,  with  the  largest  stones  2  inches  in  size.  Both  sections  had  steel 
rails  weighing  72  ])Ounds  and  74  pounds  per  yard,  and  were  operated 
b}'  locomotives  weighing  85  to  87  tons.  The  section  on  wooden  ties  had 
14  passenger  and  mixed  trains  and  15  freight  trains  daily,  at  a  maxi- 
mum speed  of  30  miles  per  hour,  with  an  annual  load  of  2,250,000  tons. 
The  section  on  steel  ties  had  14  passenger  and  mixji'd  trains  and  12 
freight  trains  daily,  at  a  maximum  speed  of  40  miles  per  hour,  with  an 
annual  load  of  1,:)50,000  tons.  From  January,  bsOO,  the  annual  main- 
tenance expen.ses  had  been  $103.22  to  8145.10  i)er  mile  for  the  former, 
aud  $64.51  to  $80.05  for  the  latter  section.    With  2  tie  plates  and  0 
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spikes  to  eacb  tie,  the  track  laid  on  wooden  ties  is  in  <x{H)d  condition 
after  ten  j^ears'  heavy  trattic,  and  very  few  renewals  had  been  neces- 
sary, while  the  spikes  held  well.  The  metal  ties  had  given  entire  sat- 
isfaction, and  are  now  used  exclusively  on  new  work  and  in  the  long* 
tunnels,  as  it  is  considered  that  the  attachments  and  maintenance  of 
gauge  are  more  permanently  secured,  which  is  a  matter  of  great  impor- 
tance on  a  line  with  short  curves  operated  by  heavy  locomotives  having 
a  long  wheel  base.  These  ties  also  have  a  longer  life  and  a  greater 
value  as  old  material  than  the  wooden  ties,  Avhile  they  oft'er  a  greater 
resistance  to  lateral  motion. 

JuRA-SiMPLOX  Railway  (gauge,  -4  feet  8^  inches). — This  railway 
is  formed  by  a  comi)aratively  recent  consolidation  of  the  Western 
and  Siniidon  Railway  and  the  Jura,  Berne,  and  Luzerne  Railway, 
both  of  which  were  included  in  my  former  report.  On  the  former 
road  the  hrst  metal  ties  were  of  trongh  section,  with  closed  ends,  and 
of  uniform  section  throughont,  but  later  thej"  were  made  narrower  ami 
deeper  at  the  middle  (PI.  15  of  original  report).  At  lirst  they  were  of 
iron,  but  later  of  mild  steel,  weighing  00  ]^ounds  each.  These  had  gib 
and  cotter  fiistcnings.  Since  1801  tlie  company  has  adopted  for  its 
lines  of  lieaviest  trathc  the  form  of  ties  nsed  by  tlie  Jura,  lierne  and 
Ln/enie  lv*;iihvay,  weigliiiig  1-7.0  ])ounds  each,  witli  l)()lted  clamp  fast- 
enings, keeping  the  lighter  ties  for  tlie  lines  with  ligliter  trallic.  Tliese 
lieavy  ties  resemble  those  of  tlie  (lottiiard  Railway.  They  are  of  uni- 
form-section  tinongliout,  ar<'  niade  from  plates  8. 5.'i  feet  long,  and  are 
from  4.8  to  0.4  inches  wide,  with  tiiickness  varying  from  0.!3  to  0.44 
incli.  The  tensile  strength  is  between  83  and  !()(>  i)onnds  per  square 
millimeter.  The  steel  rails  are  IO.08  to  :}0.;U>  feet  long,  weighing  00  to 
()7  ponnds  per  yard,  and  the  iron  rails  are  1,0.08  to  22.03  feet  long, 
weighing  70  to  72  pouiuls  per  yard.  The  ballast  is  nniinly  of  screened 
gravel  and  bi  oken  stone.  The  number  of  trains  varies  from  8  to  35 
per  day.  and  the  average  speed  is  25  miles  per  hour,  though  on  some 
main  lines  it  reaches  44  miles  per  iionr.  The  engines  weigh  from  34  to 
()7  tons  (inelnding  tenders),  and  have  a  wheel  base  of  10.8  to  30.74  feet 
(including  tenders).  Breakages  have  a  averaged  but  4  or  5  ties  i)er 
year,  and  are  usually  cracks  at  the  bolt  holes.  The  following  is  an 
abstract  of  the  statement  of  the  maintenance  of  track  for  1800,  pre- 
])aied  in  1801  b}'  .Mr.  Cuenod,  chief  engineer  of  track: 

The  test  sections  of  track  with  mf;tal  and  wooden  ties  have  all  heen  selected  for 
unfavorable  conditions;  that  is  to  say,  main  lines  which  present  the  sharpest  curves, 
steepest  g^rades,  and  the  j^reatest  number  of  trains.  There  are  61  sections;  37  with 
wooden  ties,  ajjgrej^ating  17  miles;  and  21  Avith  metal  ties,  aggregating  12  miles. 
Very  difterent  results  were  obtained  on  the  Western  and  Simplon  Railway  and  the 
Jura,  Berne,  and  Luzerne  Railway.  In  1888  Mr.  Mayer,  chief  engineer  of  permanent 
way  of  the  former  ro'ad,  stated  that  track  with  metal  ties  required  a  little  ujore 
maintenance  work  at  iirst,  until  the  track  had  hecome  firmly  settled,  after  which 
the  cost  diminished.  While  this  did  not  seem  to  be  the  case  formerly  on  the  latter 
road,  this  observation  .seems  to  have  been  conlirmed  iu  1890,  although  the  time  is  yet 
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too  slioi't  to  ;illo\v  ot'  ;i  ( Icti  ii  i  I  <•     a  t  r  iiu'i)  t  as  lo  the  actual  i-coi  \  ol'  in.tal  Had.. 

Tin-  sU'in  ol'  rail  liisttMiiiiLrs  ap|)<-ai-s  to  liavi  liati  little  elVt'<  t ,  a>  on  i  he  Wcsti-rn  and 
SiiMi)loii  Kail\va>  uihs  and  cotters  wcrr  used,  wliilcon  thr.hiia.  I'.criu'  and  Lu/.cnir 
Kailway  l)()lti'd  idamps  were  used ;  Imt  ason  Hit-  laitcrall  thi'inii  |...l\s  w  err  (•liaiiL;<'(| 
as  ludni;  loo  wral^,  an  <>\a<'t  stat (mhi'h t  ol"  (lie  linir  a(  hiall\  mi ployccl  in  noimal 
tiuinrninL;,  ill"  llic  a  1 1  afliiiifii  I  s  can  imt  Ix-  made.  I'lii'  most  cNidcnl  rcsiili  of  ilm 
coniparison  ot"  t  lif--c  ti  1  t  est  .sfct  ions  <•  1"  (  raidc  is  a  posi  t  j  \  c  con  ti  inia  I  ion  uT  I  In-  ad  \  a  n- 
ta.ne  of  scii't'iicd  i:ra\»d  lor  ballast .  In  fact  on  all  I  lie  sec  i  ions,  wiihoiil  one  cxcc])- 
tion,  all  ]iarls  on  oilier  ballast  lia\c  invariably  l»een  more  costl.N  .  and  bave  rtMpiired 
more  mainienance  I  ban  I  bose  tui  screened  ,u;ravel  or  broken  stone,  on  tlie  W(!St(!rn 
and  Siniplon  Ivailway  as  \V(dl  as  on  the  dura.  Borne,  and  I.u/ernc  Kailway.  This 
reMilt  is  especially  marked  lor  tra<dv  on  metal  ties,  and  to  this  fact  may  bo  attrilmted 
the  relatively  hi;;h  price  on  the  latter  road,  while  the  cost  on  the  two  test  sections 
with  screened  Ljravcd  on  this  road  is  even  lower  than  on  those  of  the  old  Western 
anil  Siniploii  K'aihvaN.  on  wbiili  tbe  ballast  is  screened  at  the  same  lime  that 
ties  are  reiu'wed.  It  ma.\  llierofort-  be  said,  withont  tear  of  mistake,  that  if  the 
rejdacini;  of  sandy  or  earthy  ballast  with  screened  gravel  or  broken  stone  ballast, 
is  a<lvanta<r»'ons  for  track  with  wooden  ties,  it  is  very  niiudi  more  so  for  track  with 
metal  ties. 

Tlic  cost  lor  maiiiteiiance  is  about  •'^()()  per  tiiile  with  metal  and  ><1)7 
per  iiiiU'  with  wooden  ties,  this  being  for  labor  only,  the  time  of  each 
man  bcinu  taken  (divided  as  to  his  Avork  on  the  rails,  ties,  attachments, 
balhisriiig,  etc.),  at  an  average  cost  of  0  cents  per  hour. 

Monte  (tENEijoso  Railway  (gauge,  2  feet  8  inches). — This  is  a 
rack  railway  on  the  Abt  system,  with  a  two-bar  rack.  The  line  is  5.6 
miles  long,  with  a  rise  of  5,203  feet,  the  grades  ranging  from  15  to  22 
per  cent,  and  5  per  cent  at  stations.  The  track  is  2.()  feet  gauge,  laid 
witli  to.]  ])«)iiiid  T  rails  bolted  to  steel  trough  ties  weighing  55  pounds 
each.  The  roadbed  is  13.7  feet  wide,  with  a  bottom  layer  of  large 
stones  for  drainage  i)urposes  and  15  inches  of  broken  stone  ballast 
laid  between  rough  dry  stone  walls.  The  locomotives  are  tank  engines 
weighing  25,500  i)()unds  on  4  driving  wheels  and  a  trailing  pony  truck. 
Tbe  cars  weigh  1(),5()()  to  11,440  pounds,  empty,  and  seat  48  to  50  pas- 
sengers. The  speed  is  3^  miles  per  hour  on  the  steepest  grades  and  5 
to  0  miles  elsewhere. 

Sr.  (iALL  and  (lAis  Railway  (gauge,  3  feet  3|}  inches). — This 
line  is  s-^  miles  long,  with  about  7^  miles  laid  on  a  public  highway,  of 
whicli  2  miles  (distributed  in  5  secti<ms)  are  laid  with  the  Marsh  (or 
so-called  Riggenbach)  rack  rail.  The  grades  range  from  9.2  to  15  i)er 
cent.  Tlie  track  is  laid  witli  51-])ound  T  rails  bolted  to  steel  cross-ties 
with  attachments  of  the  Baden  State  Railway  type  Tiiese  ties  are 
6  feet  long,  4.8  inches  wide  in  the  middle  and  9.2  inches  at  the  ends.. 
The  middle  portion  is  fiat,l)ut  the  rail  seats  are  bent  up  to  give  the  rails 
a  very  decided  inward  inclination  (1  in  8),  tlie  ends  of  the  ties  then 
being  inclined  and  curved  downward.  There  are  11  ties  to  a  rail 
length  of  29.]  leet,  s[)aced  2.72  feet  apart,  and  cree])ing  of  the  rails  is 
prevented  by  the  use  of  deep  outer  splice  bars,  extending  down  between 
the  ties,  'i'he  track  wciulis  HI.*)  pounds  per  N  ard,  or  348  |)ounds  includ- 
ing the  rack.    The  rack  is  carrietl  on  wrought-iron  chairs  riveted  to 
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the  ties  and  has  trapezoidal  teeth.  At  the  h)wer  end  of  the  hue  is  a 
semicirciihir  curve  of  98i  feet  radius. 

Viege-Zermatt  Railway  (gauge,  3  feet  3||  inches). — This  line  is 
27  miles  long,  single  track,  worked  partly  on  the  adhesion  system  and 
partly  on  the  Abt  rack-rail  system,  the  latter  being  used  on  grades  of 
V2  per  cent.  The  track  is  laid  with  49-pound  T  rails,  34  feet  8  inches 
long,  with  13  steel  ties  to  a  rail  length,  the  ties  weighing  83  i)ounds 
each.  The  engines  weigh  21)  toiis  on  4  driving  wheels  and  2  trailing 
triTck  wheels,  the  wheelbase  being  14  feet  1  inch. 

Wengern-Alp  Kailway  (gauge,  2  feet  7^  inches). — This  is  a 
mountain  railway  on  the  Abt  'rack-rail  system,  about  12  miles 
long,  and  was  opened  in  1893.  The  track  consists  of  41^-pound  T-rails 
3;|:  inches  high,  with  head  Ifj!  inches  and  base  3i  inches  wide. 
They  are  34  feet  5  inches  long,  or  three  times  the  length  of  the  rack 
bars.  Tlie  rails  are  bolted  to  steel  cross-ties  5  feet  3  inclies  loi,ig, 
with  closed  ends,  and  weighing  59  ])ounds  each.  The  gage  is  widened 
one-sixteenth  inch  on  cur\cs  of  feet  radius,  and  three-thirty- 
seconds  incli  lor  .">28,  202,  and  197  feet,  while  the  superelevation  is  from 
three-eighths  inch  to  1  {\r  inches. 

8TANZERH0RN  ItAiLWAY  (gauge,  3  feet  3g  inches). — This  is  a  cable 
railway,  3,959  feet  long,  starting  from  Stanz  and  ascending  to  within 
1(19  feet  of  the  toi)  of  the  Stanzerborn  Mountain.  It  is  single  track, 
witli  a  passing  ])lace  midway,  the  ascending  and  descending  cars 
balancing  one  another.  The  lower  station  is  1,47()  feet  and  the  summit 
station  0,070  feet  above  sea  level.  The  first  division  starts  with  a 
grade  of  1  in  12._^  (S  per  cent)  and  ends  with  1  in  3.7  (27  per  cent).  The 
second  and  third  divLsi(ms  start  at  1  in  2.5  (40  per  cent)  and  end  with 
1  in  (()2.^  per  cent).  Each  section  is  worked  independently.  The 
alinement  is  mainly  on  tangent,  and  the  curves  are  from  492  feet  to 
1,320  feet  radius.  The  track  is  laid  with  tlange  or  T-i  ails,  weighing  40 
pounds  per  yard.  They  are  32.8  feet  long,  4.9  inches  high,  and  have 
narrow  *'  pear-shaped  "  heads.  They  are  carried  on  steel  ties  of  inverted 
trough  section,  with  Haring  sides  and  triangular  ribs  on  the  edges. 
These  ties  weigh  51  prmnds  each,  and  are  spaced  3  feet3[|  inches  apart, 
center  to  center.  Tiicre  is  a  tie  under  the  rail  joint,  and  the  joints  are 
spliced  by  angle-bars  and  four  bolts,  while  four  T-headed  bolts  pass 
through  the  tlanges  of  the  splice  bars,  the  clami)s,  and  the  ties.  The 
other  rail  fastenings  are  clanii)s  holding  the  rail  liange  and  secured  by 
a  vertical  bolt  to  each  clamp.  To  prevent  creeping  on  the  grades  at 
every  fourth  rail  joint  the  tie  has  its  downhill  side  bearing  against  two 
vertical  I-beams  set  in  a  concrete  block  below  the  roadbed.  On  the 
second  and  third  divisions  the  ties  are  of  angle-irons  5  by  3.J  inches,  5 
feet  long,  laid  3  feet  3=1  inches  ai)art.  The  3^-inch  flange  is  vertical. 
The  rails  and  fastenings  are  the  same.  This  latter  construction  of 
track  weighs  135  pounds  per  yard. 
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.M(  ).Msi'ii()L  AND  M( 'N  rsi:u*K' V  1  l^\ll.\\A^  ( -iiiiuc -'l  led  .">-^  iin-lics). — 
This  is  ;i  st(H'i)-iii;nl('  iiKKiiihiiii  i;iil\v;i\,  ()|  MM  a  I  ('(1  on  (lie  Al>l  rack  rail 
system.  It  starts  liom  .Moiiist  rol,  «>ii  the  Norllicrii  nl'  Spain  IJaiI\\a_\. 
:il)(>iit  Is  miles  from  Uarccloiia  (in  tlic  jiroNincc  of  ( 'alaloiiia  i.  and 
asc(.Mi(ls  to  tlic  monastery  of  .Mont scrra I ,  w  liicli  is  mneli  \  isilcd  l»y 
tourists  and  pil^iino.  The  line  is  j.S  miles  Inni^,  witli  tlie  shaiix'st 
(Mir\'es  L'l.J  feet  radins.  ami  ma \imum  grades  of  l.">  ])ereent.  The  lower 
station  is  (i-L*  feet  and  llie  >nmmit  >tali(Mi  -.."»()(Meet  ahoxc  sea  lexcl. 
The  traek  e(Misisis  ot  lO-pound  steel  T  rails,  bolted  to  steel  ti<'S  of 
imcrted  trough  section,  with  closed  ends.  The  rails  are  21  to  31  feet, 
loii^\  The  ties  are  <>  feet  lon^',  wei^li  ol)  |)ounds  each,  and  are  spaced 
1  foot  ()  inches  apart  at  the  rail  Joints,  and  -»  feet  elsewhere.  .\ 
chair  bolted  to  the  middle  of  the  tie  carries  tlit?  two  rack  burs.  Tin- 
rail  Joints  are  spliced  by  an.^le  bais  22  inches  long,  resting  on  the 
Joint  ties,  and  lm\  ing  their  flanges  notched  for  the  rail  fastenings.  To 
]nevent  creeping,  rails  are  let  vertically  into  the  ground  at  intervals 
and  the  ties  bear  against  these.  The  ballast  is  of  broken  stone  inclosed 
by  vertical  dry  walls,  18  inches  high,  the  width  over  ballast  and  walls 
being  10  feet.  The  engines  weigh  17  tons  in  working  order,  the  load 
being  distributed  npon  four  leading  wheels  2G  inches  diameter  (each 
axle  carrying  ])inions  17  inches  diameter,  gearing  with  the  rack),  and 
two  small  trailing  wheels.  The  fonr  leading  wheels  are  loose  on  the 
axles,  the  engines  being  driven  by  the  rack  only.  One  engine  can 
hanl  two  cars  of  11  tons  each  at  11  miles  an  honr  on  the  level  and 
nnles  per  honr  on  the  15  per  cent  grades. 

POIITUGAI.. 

Gknkkal  liKMAKKs.* — The  Z  bar  ties  {sec  Belgium)  are  reported  to 
have  been  tried  on  the  Royal  rortuguese  Railway,  the  ^linho  and 
Douro  llailway,  and  the  Southern  and  KSoutheastern  liailway. 

DENMARK. 

Danish  Si  a  i  j:  Railway*  (gauge,  4  feet  <S.]  inches). — In  the  state- 
ment presented  by  the  administration  of  this  road  at  the  International 
liailway  Congress  in  1802  it  was  shown  that  the  Jutland  and  I'ionia 
Division  liad  2.'>..")0  miles  laid  with  untreated  ties  of  Romeranian 
pine  and  l-s  miles  laid  with  ."ID.OOO  ties  of  jNIartin  steel.  The  steel 
ties  are  of  trough  section,  weighing  5o. 21  [)ounds,  with  bolted  fastenings 
weighing  1.2  pounds.  They  are  sjjaced  18.2  inches  ar  the  joints,  with  a 
maximum  intermediatespacingof  32.4  inches.  The  general  experienceis 
satisfactory,  but  they  are  considered  to  be  too  small,  too  thin,  and  too 
light,  and  longitudinal  cracks  start  at  the  outside  fasten iiiiis.  The 
wooden  ties  are  S.,-)2  feet  long.  H)  inches  wide,  and       inches  tliicl:, 
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weighing  132  pounds;,  and  are  spaced  20.6  inches  at  the  joints,  with  a 
maximum  intermediate  spacing  of  33.6  inches.  The  rails  weigh  45 
pounds  per  yard  and  the  ballast  is  of  gravel.  The  former  track  has  6 
trains  per  day,  drawn  by  engines  weighing,  with  tender,  ()(),500  ])ounds 
on  a  total  wheel  base  of  35.75  feet.  The  latter  track  has  8  trains  per 
day,  drawn  hy  engines  weighing,  with  tender,  67,540  i^ounds  on  a  total 
wheel-base  of  36.75  feet.  The  nniintenance  exjienses  per  mile  per  year 
have  been  generally  greater  with  tlie  metal  ties  than  with  the  wooden 
ties,  as  shown  by  tlie  lollowing  table: 


Maintenance  expenses  ijer  mile. 


1887-  '8H 

1888-  "89 
188a-'0O  . 


With  wood- 

With niutal 

en  tics. 

ties. 

 '  $451.61 

$629.  03 

  564. 51 

548.  39 

569.  77 

lUKSSIA. 

(lEXKKAJ.  1{e:\iakks.  — Tlic  tolk)wing  statement,  obtained  through 
the  minister  of  ways  and  connmuiications,  was  sent  to  me  in  May, 
1804,  by  Mr.  V.  10.  Timonotl",  c.  e.,  of  St.  Petersbui  g: 

MoHroH'-luiHtHk  Haihrai/. — ( 1)  A  ]>iccu  of  metal  track  on  tlu.'  Jlaarniaun  .system  exists 
at  tlie  8tati<»n  at  Koursk. 

Doneiz  L'ailnaif. —  (2)  The  Vautlicriii  system  is  ap]ilie<l  on  80;')  feet  oC  the  Kramatorsk 
line.  (3)  The  llaarmann  system  is  ai>j)lie(l  nn  'A  miles  1,413  feet  of  the  Mari(mi»ol 
line.    (4)  The  V:mtherin  system  is  ai)i)Iie(l  on  3,500  feet  of  the  Maiionpol  line. 

Koursk-KieJ  Jiailwaii. — (5)  Tin- (rilf  system,  2,975  feet.  (6)  The  Ilaarmann  system, 
3  miles  WO  feet. 

Orel-  J'itehiik  It'tdlirai/. — (7)  Tlie  Lcltedinski  aiid  (rilf  system  on  1,750  feet. 
Hitixttn-Ountlxk  lUiiliraij. — {H)  Metal  traek  on  2,150  feet. 
Total,  S  miles  3.2!).5  feet. 

In  l.SOl  il  was  r(*i)()rred  tiiat  ('.\i)t'i  inients  were  to  be  made  on  an  exten- 
sive scale  by  the  ( i()\  ernm<Mit,  and  that  sevei  al  orders  would  Ije  i)laced 
with  Kussian  steel  works,  bnt  it  does  not  appear  that  there  was  any 
basis  for  such  a  report.  In  a  paper  on  the  Russian  railways,  written 
in  1801'  by  ]\lr.  De  Busschcre,  chief  engineer  of  the  lielgian  State  rail- 
ways, the  foHowing  remarks  were  made  in  regard  to  the  ties: 

The  oreat  extent  of  forests  iu  nearly  every  part  of  the  territory  explains  the  liinifed 
introdiietiou  of  metal  ties.  Out  of  25,775  miles  of  traek,  including  side  tracks, 
there  are  only  ahout  IH  miles  with  metal  ties.  The  ties  are  almost  exclusivelj'^  of 
untreated  jiine.  They  are.  spaced  from  31.5  to  34.4  inches  apart  under  rails  26.24  feet 
long,  laid  with  suspended  joints.  They  must  conform  to  types  recommended  by  the 
minister  of  ways  and  communication.  On  lines  with  heavy  traffic  the  length  is 
8.75  feet,  while  on  those  with  light  traftic  and  in  station  tracks  it  is  8  feet.  In  th(5 
former  case  the  intermediate  ties  may  be  of  oak,  half-round,  10.64  inches  wide  and 
5.32  inches  thi(d<,  or  of  sfjuare  jiine,  squared  6.16  inches  thick. 


K"\ii.\v.\vs  oi'  irK'Kiiv  AM)  (;im:i:ci;.  ()5 

11       \  .\  .  v.v  nor  i:a  n  ). 

Salomca  AM)  < '( )\sT  AN  ri.Noi'Li:  L'AiLW  AV. —  IMiis  railway,  wliicli 
(•\t(Mi(ls  iVoiii  Saloiiica  to  1  >('(!('  Aii'Mtcli,  .">! L!  miles,  is  now  iiiidcr  con 
siriictioii  and  pai  I  ly  coinplcliMl.  In  NoxciuIhm-,  isni*.  it  was  >tat('(l  in 
1 1 10  I'ainlisli  Iccliniral  |>a|)cis  thai  I  lie  contiac*  liad  itccn  Icl  loi-  t  he  con- 
striK'lioii  of  tlii>  line,  ami  llial  llic  !  i  ack  would  he  laid  with  >tc('l  tio. 

'^r^•KI:^    asi a  i  n  ;  asi a  minok*  . 

IsMii)  \M)  AncoKM  I^MI.\V\^  (iiaii.^c.  I  tret  SA  inclics). — Tliis  rail- 
way ex  t  ends  iVom  Ismid  (H  port  about  (iO  iiiilcs  cast  ol'  ( 'oirsi  ant  i'io]>l(') 
sont  licast  to  A  nL;'(>ia,  a  (list  a  nee  ol'  oOJ)  miles.  It  was  built  by  a  ( iciiiia  n 
conipanx'  and  has  steel  ties  and  steel  tele^iaph  jtoles.  most  ol"  the 
material  beinii"  luruished  by  the  K  ru  j)))  ^works.  'i'he  rails  are  of  T  see 
tioii.  w ei,uliiu,u"  ()0  i)()unds  per  yard,  and  the  steel  tieswei^li  ll()i)()uiids 
each. 

Di  vcopii  ro-K Ai.A\  it\  I'A  Kau.way  (g-au^-e,  2  feet  (1  in(dies). — This 
line  has  Ki  miles  laid  with  1*7,700  of  the  l>oyenval-Poiisard  ties  [nee 
l-'raueei,  wei^iiiu^' 2.)  [)ouuds  eacdi,  whi(di  weie  laid  in  189(). 

7<i;;7_Xo.  <)  .-, 


Se(  Tiox  2.— AFRICA. 


General  Kemaiiks. — lii  many  parts  of  Africa  steel  ties  are  exten- 
sively used  and  with  siiecess,  while  iii  Cape  Colony  they  are  being  used 
to  replace  the  old  cast-iron  bowl  ties.  It  is  notable  that  tlicse  ties  are 
being-  used  on  several  of  the  i)ioneer  railways,  undertaken  within  the 
past- tew  years;  and  a niong  other  reasons  for  their  use  in  such  cases 
are  the  facility  of  track-laying,  the  resistance  to  decay  and  the  ravages 
of  insects,  and  the  fact  that  tlie  metal  track  is  less  easily  tampered 
witli  than  that  where  woixh'n  ties  are  used.  Se\  eral  of  these  railways 
are  of  narrow  ganue. 

Si(iiiiit(irii  of  int'lal  track  in  Africa. 

Miles. 

Egyptian  railways  (1S94)   | 

Alexandria  and  Cairo  Kaihvay  (181M)   4.25 

Al<?<'rian  railways  (Paris,  Lyons,  and  Mediterraiu'an  K'ailway)  (lSi)4)   107.50 

Hone-(Juolnia  Railway  (1894)   2.70 

West  Al-erian  Kailway  (1888)   .14 

Massana-Saliati  Iv'ailway  (1890)   14.26 

Kayes  liafoiilahle  Kailway  (1890)   1.75 

Dakar-St.  Louis  Kailway  (1894)   30 

Loando  and  And>ara  Kailway  (1894)   5 

Kon^io  K'ailway  (1894)   64 

Capo  (.i<»\  «  rnnient  Kailways  (1894)   906 

Dutch  South  African  Railway  (1890)   40 

Dela-ioa  Bay  and  East  ACrican  Kailway  (1890)   42. 16 

Beira  Kailway  (1894)   75 

Monihasa  Kailway  (1894)   50 

Island  ..f  K'.-uninu  (1890)   62 

Total  tor  18!»4   2,268.76 

Total  for  1890   1,290.5 


EcfYPTiAN  CovERNMENT  liAiLWAYs  (gauge,  4  feet  8i  inches). — The 
old  system  of  cast-iron  pot  ties  has  been  practi(;ally  abandoned,  and 
wooden  ties  have  been  largely  used  in  renewals,  but  Ponsard  »S:  Co., of 
Paris,  report  that  7,500  Boyenval- Ponsard  steel  ties  {nee  France)  have 
been  ordered  for  a  length  of  4  miles  1,500  feet  on  the  Alexandria  and 
Cairo  Railway,  which  is  double  track,  130  miles  long.  These  ties 
weigh  107  pounds  each.  The  following  is  a  statement  furnished  to 
me  in  July,  1804,  by  Mr.  A.  J.  Cotterill,  deputy  engineer  in  chief  to  the 
administratfon  of  railways,  telegraphs,  and  port  of  Alexan<lria: 
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I'loiii  til'-  iii<  losril  diagram  voii  will  si  r  that  tin  rr  has  timi  a  .;rcat  inrn-asi-  in  thi« 
Illlllllifl-  c«|  \\  omhli  sltTptMS  list'il  >ilicc  1SS7,  a  lid  a  ritlli(^j  xhh  I  i  n  n  rrdiictinn  i  ii  t  he  pot, 
shM'|MTs  iix'd.  I'lit  >h-c|M'r^  wcic  pi-art  ica  1  ly  a  Itaiidoiird  in  isx"  l'<>r  I'liit  ht-r  t-xtcii- 
Nimis.  and  since  that  date  all  lu-avy  itinwals  lia\r  lircii  niadt-  with  \  ii^noh-s  ( or  X) 

itl  ra  i  Is  on  oak  oi-  I'm  k  ish  pim-  sircpi  r^.  rii(>  reason  lor  t  he  a  lio  \  e  <  haiii^o  was  that 
aceordini;  to  i  ho  t>st  i  mates  made  at  thai  I  i  me  I  he  cost  of  a  1 1  a(  k  of  t  h  is  k  iml  was  C  11)8 
1  !t;y  pt  ian  intmev  ;  t"  I  slerlinii  I'nulish  is  tjl*.!'?.')  lyL^y  i»l  ian  )  <diea  pel  t  lian  a  po I  sleeper 
ii.id.  I'.\eii  ill  1S!M,  when  |ln<  price  o|  ca>t  iron  was  siill  lower,  the  diffeienee  was 
'J  1>-  lliiuiish  (say  $!•!(•  i  in  fa\  or  of  I  he  T'';'''^  "H  w  oodeii  t  ies.  The  <'<)st,  ofca.st-iroii 
pi>t  shM'pers  in  1S,S7  was  about  C  l.o()t>  Kn<;lish  (say  ^I'L'.oO)  ])t;r  ton  delivercMl  in  K^^ypt; 
\iistrian  oak  sU'ept'is.  CO. 210  i:ii«,His]i  each  (say  $1.20);  Tnrkishoak  shsppris,  C0.215 
i;n<xlish  t*arh  (say  .$1.07);  crcosoted  pino  sle«'i)or8  cost  ahoiit  tjo.  1S7  (sny  ceiitM 
eai  li)  and  THrUish  pin«?  £0.107  Knj^lish  (say  S:>  cents).  A  fiiitlier  reaxni  for  tlio 
cii.inne  was  that  l)allast  w.as  ntieess.ary  lor  the  line,  and  oiir  l)allast  coiilii  not  Ik;  used 
with  the  pot  sleejiers. 

All  on  r  sleepers,  metal  and  w  oodeii,  .i  pp"a  r  to  last  an  iiidctinile  I  ime  when  pla<-e(l 
in  (di'an.  ilrw  alluvial  soil.  In  damp  and  salt  s(<il  none  of  (tiir  slee|)«ns  hist  W(dl,  and 
it  is  fjiiit.'  impos>ilde  to  pack  the  pol  sleepers.  Oiir  w  ood  shicper.s  have  not  lasted 
wt  ll  w  here  t lu^  soi  1  wa-^  damp  ami  the  ballast  sandy,  or  liallast  absent.  The  Ans- 
I  riaii  oak  sleepers  laid  in  I'sss  .i  I  ready  show  serions  si<jrns  of  decay .  Tin'  Tiirk  i~-li  pino 
sleepers  do  not  last  any  better  under  similar  circumstances,  but  the  creosoted  sleep- 
ers lilteen  years  in  the  ,iu:ronud  have  not  decayed.  In  dry  soil  sleepers  last  in  Kgypt 
at  least  thirty-live  years. 

The  N'aiitherin  \vroii<;hr-iron  shM  ))ers  under  (bnibhsheaded  rails  are  shown  in  the 
diaj^ram  to  have  lasted  from  1861)  to  1802.  They  \v(!re,  however,  comi)letely  nnlit  for  a 
^ood  road  after  lifteen  years' service.  The  steel  bnckled-plate  sleei)er8  with  cast-iron 
chairs  for  double-headed  rails  were  laid  down  in  1SS2.  In  1888  they  began  to  fail, 
in  IMNO  about  2  jierceiit  had  compleKdy  I'ailedby  the  (diair  ])iiuchiug  its  way  through 
the  top  of  the  sleeper,  and  all  the  sleepers  had  lost  40  per  cent  of  their  weight.  By 
isoi.  th.it  is.  in  nineyears.  the  last  (d"  them  was  removed  from  the  road.  We  have  thus 
no  stetd  or  iron  phite  sleeix-rs  in  our  lines  at  present,  but  we  have  Just  received  6 
kilometers  (S. 72  miles)  of  ste(  l  plate  slei^pers  with  saddles  (or  bas(?  plates)  for  T- 
rails,  weighing  Oi)  pounds  per  yard.  Tluise  sleepers  w^ere  supplied  l)y  Messrs.  Boy- 
en  va  I  A  I'onsanl  (.sre  France — K.  E.  it.  t.  ),  and  they  are  of  the  same  section  as  their 
■^jrepei  >hown  in  plate  No.  6  of  your  report.  They  Aveigh  lroml67.2to  160.4  pounds 
'  icli,  and  tlie  cost  is  £0.195  English  for  ordinary,  and  £0.520  for  Joint  sleepers  (say 
-2.47  and  $2.60  each).  As  they  are  to  be  laid  near  Cairo  and  on  clean  ballast,  they 
will  not  have,the  test  of  damj)  and  salt  soil,  which  is  the  real  test  that  most  of  our 
material  has  to  undergo  at  present. 

Thoagriciilt  nral  railways  are  cut  irel  \  in  upper  I'.gypt  where  the  climate  is  dr>-,  but 
I  can  not  give  you  any  details  alxtiit  these  lines.  Wilson  Ht\y  is  the  engineer  of  the 
I  )airah-Sanieii. 

The  |)()t  ticsaic  spaced  1,7<»1  lo  tli<'  I'lih';  oalc  ties  on  main  lines, 
L'.ODT  pel-  mile:  |)inr  tics  on  secondary  lines.  [)er  mile.    At  tlie 

])fe>:cnt  time  tiicic  arc  l.l'.M  iidh's  ol"  lines  and  sidin«;>;,  of  which  8()li  ' 
aic  laid  witli  pot  tics  and  with  wooden  ties,  under  <h)iil)le- head 
and  T  rails.  Ot"  tin-  track  w  ith  wooden  ties  there  arc  S7  miles  of  creo- 
soted IJaltic  ])iiic,  r.>-  miles  of  Turkish  pine,  and  So'J  miles  of  Austriaii 
and  Turkish  oal<.  Tlie  \'anthcrii)  ties  declined  IVom  01  miles  in  1881 
to  none  in  is'ii'. 
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A  table  suiiiiiiariziii«i'  Mr.  CotTerilTs  diagram  is  uiveii  Lelow: 
MUeTlye  of  truck  of  Egyptian  raihvuifs. 


Year. 


Total  p^ttiP*  Wooden 
track.     -^o^ties.  ,  ^j^. 


1881 

1882 

1883. 

1884 

1885 

1886 

1887 

1888 

1889 

1800 

1891 

1892 

1893 

1894  . 


1,122 


1,046 


1  222 


1,  273 
1,  323 
1,409 
1,466 
1,494 


946 


927 
902 


112 
127 
140 
149 
161 
174 
189 
232 
276 
315 
347 
484 
565 
632 


Imjyptiax  Uailwavs.* — Sonic  of  tlie  steel  Z-ties  (st^e  Belgium)  are 
said  to  liave  been  tried. 

AT.GKRIA. 

Algeki.w  KAIL^vAvs  (Pakis,  Lyons,  and  Mediterranean  Kail- 
WAY)  *  (gau.ue,  4  feet  inches). — In  18!>2,  on  tlie  track  laid  with 
metal  ties,  there  were  85,357  ties  of  the  Vaiitheriii  type,  covering 
a  Icniitli  <»f  miles,  and  !U),(;8G  ties  of  the  Ililf  tyju'.  covering  a  length 
of  .~)4.r)  mih'S.  The  ^'autherill  ties  are  of  the  dimensions  given  in  my 
former  reixn  t.  except  that  the  width  inside  at  the  bottom  is  8.4  inches 
instead  of  7. •_' iiiclics,  and  the  tlanges  are  Iim  Ii  thick.  The  Joint  ties 
weigh  1>2  ])oiinds  and  the  intermediate  ties  74  pounds,  the  tie  plates 
and  fastenings  in  each  case  weighing  10  pounds  more.  The  ballast  is 
of  river  gravel,  clayey  and  sandy.  The  defects  have  been  longitudinal 
cracks  at  the  top  corners,  owing  to  iiisufhcient  material,  and  wrenching 
of  the  fastenings,  due  to  the  use  of  ill  made  attachments.  The  Hilf 
ties  are  also  as  described,  but  5.2  inches  wide  on  top.  The  tie  weighs 
95.5  pounds,  and  the  fastenings  (not  including  the  b;ise  plates)  5.5 
pounds.  The  metal  is  specified  to  be  of  00  pounds  per  S(iuare  milli- 
meter tensile  strength,  with  an  elongation  of  18  per  cent.  The  ballast 
is  of  stone  broken  to  a  ring  1.2  inches  diameter.  No  deterioration  of 
the  ties  has  been  observed  since  they  were  laid  in  LS85,  but  transverse 
cracks  occurred  in  the  steel  ties  0.44  inch  thick  on  top,  though  not  in 
the  Martin  .steel  ties,  0.50  inch  thick.  The  metal  track  has  more  elas- 
ticity than  the  track  on  wooden  ties,  and  the  trains  ride  more  easily 
u])on  it,  from  which  it  is  concluded  that  it  is  less  severe  on  the  rolling 
stock.  This  ti  ack  is  considered  very  favorable  for  lines  with  moderate 
or  light  trattic.  A  metal  tie  will  outlast  throe  oak  ties,  and  the  cost  of 
maintenance  may  be  easily  reduced  to  30  per  cent  of  the  cost  with 
wooden  ties  when  the  metal  track  and  ballast  have  been  well  settled. 
The  Hilf  tie  becomes  unstable  after  a  year  or  so,  as  its  shape  does  not 
admit  of  proper  tamping,  and  therefore  the  same  number  of  men  must 
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b(*  cm j)l<>yt'(l  as  loi'  track  wirli  wnodcii  lies.    Tln'  aiiinial  cnst  Tor  main 
tcnaiK'c  in  1888- IS'.IO  was  sI.")I.Il*  pci'  mile  willi  tlic  N'aiit  licriii  lies, 
-^I.")!.!!*  to  >«-.■).■)  willi  iIh'  Iliir  tics,  and  .'!^L*.ir>  wflli  wooden  tics. 

IMic  wooden  lies  ai'c  o!"  oak  iVom  Al^^'cria.  and  Ihc  Pyicnccs,  "  lOn^- 
li^li  oak  iVoin  llal>\  and  pine  lV(nn  the  Landes  i  iii  |  )!<'^  iia  1  c<l  with 
snlphat  (' of  coppci".  The  i)ine  ties  are  S. 7  leet  loiii;'  and  s  h\  o.d  inclies 
seciion.  weiiiliinu-  lol  pounds,  and  last  about  four  years.  The  others 
are  7.S  I'eet  h)nu' and  S  hy  (I  inches  seclion,  wciLiliini;-  iS7  pounds,  and 
last  about  ciuiil  years.  They  were  laid  in  broken  stone  ballast,  biokcMi 
to  a  l  inu  li.l  iiH'hcs  diamet  cr.  The  rails  wei<;-h  IVoni  (IS  to  7li  ])ounds 
per  yai'd.  The  tiallic  ax'crau'cs  .'IjllM)  trains  per  ye;ir,  with  speeds  ol"  iM 
to  -W  mih's  pel'  iiour.  The  eiiuincs  wcii^h  L*(»  to  'M  tons  on  a  w  heel  l)ase 
of  IL'  lo  !.'.  feci. 

r.!  »\ i;  ( 1 ;  I'j.M  V  Uailwav*  («»;iu«»-e,4  feet  8.]  incdies).  —  in  April.  IS'.il, 
.Mr.  Kowalski,  the  eii,i;ineer,  wrote  nie  that  there  are  now  2,o()()  double 
channel  steel  tic>  (Boyenval-Ponsard  type;  see  France),  and  2,000  of 
the  steel  I  l)cain  ties  (Sev^erac  tyi)e;  see  Belgium).  TIh^  two  systems 
cover  L*.7()  miles  of  tra(d<.  and  were  laid  between  May,  1888,  and  April, 
1880.  Ow  iiin  t(>  the  shoit  time  of  service  it  was  not  possible  to  deter- 
mine w  hat  would  ])e  the  causes  of  deterioration,  but  so  far  there  is  no 
nn)rc  rusting-  than  with  steel  rails,  which  is  i)robably  due  to  the  ties 
liax  inu  been  giN-en  a  coatin<;-  of  coal  tar.  The  ties  are  considered  to  be 
ratiicr  too  li.i;ht  and  too  short,  but  make  an  easy  riding  track.  As  to 
the-cost  ol  imiinteiKince.  the  e\j)erience  is  yet  too  recent  to  permit  of 
an>-  definite  opinion  l)eing  formulated,  but  it  may  be  said  that  iij)  to  the 
]ir('senl  linu'  the  sections  of  track  on  metal  ties  ha\e  shown  some  ectoii- 
om\  ON  cr  those  on  wooden  ties.  In  1802  the  annual  cost  of  maintenance 
was  stated  at  $18().()0  per  mile  for  the  Boyenval-P onsard  ties,  and 
sL'7.;,."ii  for  the  Severac  ties,  the  latter,  however,  being  exceptionally 
hi.uh  owinu  to  defects  m  construction.  The  joint  ties  are  sjiaced  24 
inches  and  the  intermediate  ties  30  inches  center  to  center.  The  Boy- 
en\  ai  Ponsard  ties  were  laid  in  May,  1888,  cov^ering  a  length  of  1  mile, 
2yh){)  feet.  They  are  7..">4  feet  long  and  weigh  123  pounds  or  127 
])ounds  in(duding  the  fastenings.  The  base  ])lates  have  imdined  seats 
tor  tlie  00  ])ou]id  T-rails.  They  were  easily  laid,  held  the  rails  well,  and 
t  lie  ballast  mg  w  as  effected  as  easily  as  with  wooden  ties,  while  the  track 
w  as  til  ni  and  smooth.  In  ^larch,  ISOO,  Mr.  Kowalski  stated  that  the 
ties  behaxcd  \-er>-  w(dl.  no  breakages  of  fastenings  had  occurred,  the 
rails  were  kept  secure,  and  the  cars  rode  very  smoothly.  The  tami)iiig  , 
was  done  with  bars  as  lor  wooden  ties,  and  was  easier  and  more  solid 
with  gra\<'l  than  with  broken  stone.  The  Severac  ti(\s  M'cigh  112 
pounds  and  tlu'  fastenings  about  2  i)oiinds  more.  Tiie  attachments  of 
these  ties  when  wedged  t iglit,  which  is  in(lis|)ensable  to  insure  their 
security,  form  a  rigid  tastenmg  which  is  dillicnit  to  displace  with  a 
crowbar,  and  it  is  necessary  first  to  loosen  all  the  fastenings,  which 
makes  the  maintenan(;e  troublesome.    The  attatdiments  of  the  lioyen- 
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val-Poiisard  ties,  wbile  assuring  security,  have  sufficient  elasticity  to 
make  an  easy  riding"  track.  The  gauge  of  the  outer  lugs  of  the  base 
plates  is  not  exact,  and  these  variations  are  rectified  by  placing  one  or 
more  packing  strips  0.04  inch  (1  mm.)  thick  between  the  rail  flange 
and  the  lug.  Some  of  the  steel  Z-ties  {see  Belgium)  are  said  to  have 
been  ti-ied  also. 

The  wooden  ties  used  include  the  tollowing,  all  of  tliem  being  S.2  feet 
long,  7.()  to  0.()  inches  wide,  and  o.li  inches  thick:  (1)  Pine,  imx)regnated 
with  suliduite  of  copper  or  creosote;  these  are  sijuared  ties,  weighing 
110  pounds,  and  have  given  poor  results;  (2)  Austrian  oak,  143  pounds, 
Avhich  is  hard  but  not  durable,  having  grown  rapidly  in  damp  earth; 
(3)  oak  from  the  forests  of  Korth  Algeria  and  Tunis;  this  is  harder  than 
the  Austrian  oak  mid  has  more  comi)act  libers;  the  tie  weighs  17() 
l)ounds;  (1)  beech  IVom  Croatia  (Austria),  impregnated  with  chloride  of 
zinc;  these  have  not  given  such  good  results  as  were  expected;  weight, 
143  ])ounds:  (.■))  (Mi('alyi)tus:  this  is  moderately  hard  and  very  tough, 
but  is  liable  to  twist  ;nul  warp;  the  tie  weighs  17()  pounds.  Ties 
exposed  to  llic  hot  sun  in  this  dry  climate  are  very  soon  warj)ed  and 
cracked,  and  tlu'y  shuuld  l»c  |uit  in  the  track  as  soon  as  i)()ssib]e  after 
being  cut.  The  truflic  is  troin  I  to  10  trains  daily,  with  train  loads  of 
T.-)  to  .mn  tons,  ;iud  sjx'cds  of  1(1  to -5  miles  per  hour.  The  engines 
ueigh  from  .")(>  to  ."JS  tons,  with  a  wheel  base,  of  10  feet  on  mirvow  gauge 
(wooden  ties  only),  and  11.".  leet  on  standard  gauge. 

I'Asr  A!>(;i;i;iA\  I{\il\\  a\. —  Ponsard  »S:  To.,  of  Paris,  re])orted  to 
nu' in  April.  IS'.il.  ili;it  t lie>- weic  negotiating  foi- the  sui)i)ly  of  1 ,200,000 
of  the  r>iiyen\ ;il  ron>;ir(l  steel  ties(.s'cc  l'i-am*e)  to  be  used  to  replace 
the  wooden  ties  in  icnewids  during  live  or  six  yenrs. 

Pki<:n('ii  .\  i.( i  1  a  n  K  \ii>way  (gauge,  feet  (i  inches). — 'I'he  fii'in  of 
Ponsard  Co..  of  I'nris,  has  recently  rejxuted  iin  oi<1<m-  for  000,000 
Poyenval-Pousard  steel  ties,  weigiiing  SO  ])onnds  ea(di,  for  re])Iacing 
wooden  ties  on  .*)l)0  miles  (d"  tracdc.  The  ties  are  to  be  delivered  in  cer- 
tain (piantities  during  six  years. 

\Vi:sT  Al(;i:1v'i  A.N  I^ailway  (gauge,  4  feet  8.]  inches). — Early  in  I<S8S 
there  were  2.^)0  steel  lioyenval- Ponsard  ties  laid,  similar  to  those  of  the 
Bone-Guelnia  I  Railway,  but  8.2  feet  long,  and  weighing  140  pounds  with 
fastenings.  They  were  laid  for  a  length  of  750  feet  on  curvets  and  tan- 
gents and  on  grades,  and  alsoatthe  liel-Abbes  station,  at  a  ])oint  where 
brakes  are  ai)plied  to  stop  the  trains.  The  ends  of  these  ties  are  not 
closed.  In  October,  1880,  after  twenty-one  months'  service,  Mr.  Cholet, 
the  manager,  stated  that  they  had  given  good  results, held  the  ballast- 
ing perfectly,  and  had  shown  no  sign  of  slackening  of  the  fastenings. 
Some  of  the  fastenings  did  show  signs  of  abrasion,  due  to  the  lateral 
pressure  and  motion  of  the  rail  flange,  and  he  suggested  that  this  could 
be  avoided  by  the  use  of  a  base  ])late  having  a  rib  on  the  outer  side. 
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"  S(  )l   I  )  A  X. 

K\^^.S   K\l<»rLM;i.    I^MI^W  A\   (  .;  Icrl         indict. — 'IMirCnlo- 

iiial  I  )i'!>:ii  I  iiinit  ol"  t  he  I'rciicli  ( iovcrii incut  in  1  ss:>  ( h  < Icicd  ;;.(Ml()  of  t  he 
I'.oyciiXMl  Toii-iird  ^Icci  lics^.svc  l-'raiicc  i.  ;i  iid  lhc\  w  nc  laid  the  same 
year  on  a  hMiulhoT  1  mile  .J.T.M)  Icct.  Tlic  tics  wi'vr'i.'u  Icct  Ion-  and 
Nvciulird  .">.■>  i)  >iind>  will)  (he  raslcnin^s  and  hasc  plalcs  \'ny  1(>  ponnd  T 
rail^.  I'onsard  »S:  Co.  wiotc  me  in  /v|)iil,  ISIU,  ihal  the  line  is  to  be 
extended  to  Seooii-Si  Ivoro,  loi"  w  hi(di  tliey  will  sui)i)l\-  between  i;()l),(M)() 
and  7(»(i.(M)(»  i  ies. 

si:m:(;  A  L. 

i>vi\\i:Si,  Loi  IS  iv'Aii.\\  \\  *  (uaii.m'.  .■)  leet  ."Ji*  iiKdies). — 'I'iiis  raii- 
wa\-  was  eoinplelcMl  in  issr),  and  lias  a  len^lli  of  ll).'>.7(»  iiiilcs.  in  1888 
there  were  LMi.lMM)  ties  of  the  lioNcii val-IN)Hs;ii  (l  ty\Hi  {sec  Fniiicc)  rolled 
by  tiie  Soeiete  des  Denaiii  et  (V  Aiiziii  for  this  road,  and  they  were  laid 
during-  tlie  lirst  half  ol'  188!).  They  were  r).75  feet  long',  with  base 
jilates  tor  10  noiind  T  rails,  had  open  ends,  and  weighed  80  ])ounds eacdi, 
ineliidin-  lasienin^s.  They  were  laid  by  n(\i;'roes  at  the  rate  of  t>8l  ieet 
ol'  track  per  da,\  without  intcM'Icrin.i;'  with  the  trai'lic,  whi(di  was  hea\y 
at  the  tiii'c.  The  work  included  opening'  up  the  ballast,  removing  the 
wooden  ties,  putting  iu  the  steel  ties,  bolting  up  the  fastenings,  and 
tain])iiig  in  tlie  ballast.  In  February,  1890,  the  manager,  INFr.  Toindron, 
stated  that  the  track  ke])t  in  good  condition,  and  that  no  dilfereiu'c  in 
^ound  could  be  ob.served  between  trains  running  on  the  tracdv  laid  with 
wooden  ties  and  that  laid  with  steel  ties.  In  April,  1804,  Ponsard  & 
Co.  wrote  me  that  there  were  then  5li,0()()  of  these  ties  on  a  length  of 
.'10  miles,  ami  iliat  the  railway  ('()in])any  lias  resolved  to  rephice  all  the 
wooden  ties  with  these  steel  ties,  requiring  about  lio0,000  ties. 

Tiie  lollowiiig  is  an  aV)stract  of  a  report  on  tlu^  life  of  the  ties  pre- 
scnteil  at  the  International  Railway  Congress  in  1802: 

'riif  track  waylaid  in  1S82  to  1885  with  31:^,000  ])inc  tics  iiiiprcgiiiitcd  with  sul- 
]ili;it('  of  cojtixM-.  thr  tics  being  5.25  to  5.57  feet  Ion,";-,  15.8  inches  wide,  and  4.8  to  (i 
inclics  tliick,  weighing  abont  ()6  ])oiinds.  On  these  were  laid  40-]toun(l  X-rails,  fas- 
tened originally  by  s])ikes,  bnt  later  l>y  galvanized  screw  sjukes.  Tlie  tics  were 
rapidly  <lestroyed  on  all  the  sections  infested  by  the  tennile  or  wliite  ant,  cover- 
ing a  l(MiL'"tb  of  a1)oiit  i:>.  I  miles,  tlie  ties  l»eing  destroyed  in  fonr  or  li\  months,  or 
(■\cii  Ic'-s.  (>ak  wa^  then  fi-jcd,  Inil  w  itli  1  i ttle  snecess,  5(), 000  ties  being  <h'stroyed 
as  rapidly  as  tin'  pine  ties.  Toward  tlie  eml  of  1885  about  1,000  creosoted  beech 
tit  s  wt  ir  laid  as  an  exi)eriinent,  weighing  72.(5  to  77  pounds.  These  have  lasted 
well,  ami  very  few  have  liild  to  lie  r(^))laced  since  b88(),  while  some  w  liit  li  were  taken 
np  early  in  ]SS!>  were  found  to  In- perfectly  sound  and  were  i>ut  back.  It  is  m»ces- 
sary  that  the  wood  should  be  sound,  well  treate<l.  and  free  from  cracks  which  would 
enalde  the  insects  to  gel  in  and  destroy  the  interior  parts  less  saturated  witli  the 
rreosote.  Nevertheless  tlm  e(»m)tany  decided  to  liave  recourse  to  metal  tics,  and  at 
the  end  of  18S«>  there  were  2(5. S57  steel  ties  laid  Si-ctioiis  of  607  feet  to  1.G5  miles 
in  len-tli.  the  sections  Ix  in-  separated  l)y  places  wher<Mt  was  considered  best  to 
retain  the  beech  ties  on  account  of  curves  df  less  tliau  1,040  fe(;t  radius,  for  which 
the  gauge  of  the  metal  tie  tra(  k  was  tno  n.n  row.  Tlie  several  sections  aggregated 
14. hi  miles.  The  ties  were  of  double-chaniMd  section.  5.57  feet  long,  8.8  inches  wide, 
with  two  riveted  base  plates  giving  the  inclination  in  the  rail.    Two  styles  of  rail 
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lastejiings  were  used.  In  the  first,  each  rail  is  held  by  the  heads  of  two  screws  or 
studs  screwed  into  a  tapped  washer  ]>late  inside  the  tie.  In  the  second,  the  rail  is 
held  on  the  outside  by  a  riveted  lug  the  full  width  of  the  base  plate,  and  on  the 
inside  by  a  screw  bolt  bearing  on  the  rail  flange.  This  hitter  method,  while  pre- 
senting a  certain  difficulty  in  track  laying,  appears  preferable  to  the  former,  as  a 
greater  stability  is  given  by  the  long  rib  or  lug  than  by  the  bolt  head.  The  total 
■weight  of  tie  and  attachments  is  71.5  ])onnds  in  the  former  case  and  76  pounds  in 
the  latter.  There  are  nine  ties  to  a  rail  25.58  feet  long;  the  joint  ties  spaced  24 
inches  and  the  intermediate  ties  36  inches,  center  to  center.  The  ballast  is  of  sand, 
sometimes  mixed  with  clay,  and  is  a  fairly  good  material.  The  traffic  varies  with  the 
seasons,  ranging  from  one  to  ten  trains  per  day,  while  in  the  busy  seasons  double- 
header  trains  are  frequently  run.  The  engines  witli  six  coupled  wheels  and  a  wheel 
base  ot  K.73  feet,  weigh  22  tons  in  working  order,  and  haul  train  loads  of  S5  tons 
(exclnsive  of  the  engine)  on  the  grades  of  1.3  per  cent.,  and  105  tons  on  other  }>arts. 
The  spcful  is  from  17  to  22  miles  per  hour.  Washouts  occur  in  the  heavy  rainstorms 
and  tornadoes  of  the  rainy  season  from  the  middle  of  June  to  the  end  of  October. 
Owing  to  the  nature  of  the  ballast  it  has  not  been  found  possible  to  reduc(^  the  sec- 
tion gangs  on  metal  track,  but  the  maintenance  is  very  sensibly  less  for  the  metal 
track.  There  are  no  indications  of  deterioration,  the  gauge  is  maintained  exactly, 
rlicre  is  no  disi)lacen^cnt  of  the  track,  and  jiassengers  can  find  no  difiei-enco  in  the 
riding  of  the  trains  over  metal  or  wooden  ties. 

KONGO  (PORTUGUESE). 

LoANDO  AND  A:\iiiA('A  IiAii.wAN  (^inigc, .'>  feet  ."ijl  iiiclies). — This  is 
tlie  first  section  ol"  the  ])r<)i)()>('(l  liDyal  Traiis-AtVieaii  liaihvay,  and  it 
lias  taken  nine  years  to  hiiihl  tlic  lii  st  ll»0  miles  from  St.  Paul  de  Loando, 
Mhile  the  e.xteiision  to  -3iJ  miles  is  not  exjK'cted  to  be  eouii)leted  before 
th('  end  of  ISOo.  The  cost  lias  been  abont  SL'O.IKIO  per  mile,  and  all  the 
material  has  been  oljtaincil  iVoui  ndiiinm,  including'  some  of  the  Z-bar 
steel  tics. 

KON(.()  1  Ki  :i:  s  r  v  ri:. 

KoNcio  b'AiLW  AY*  (.aaniic.  L'  Irct  <>  inches). — The  railway  now  l)eing 
built  by  a  IJel.uian  c()mi)any  from  .Matadi  to  Stanley  Pool  will  be  270 
miles  loiiju'.  laid  with  T  rails  on  steel  ties,  in  1S!)()  I  visited  the  (Jouillet 
steel  works  in  Del^iium  to  see  the  Z-l)ar  ties  then  beino-  made  for  this 
roa<l,  the  railway  havin.ii'  ordered  a  lariic  number  Avith  the  intention  of 
laying'  them  on  the  entire  len;^tli  of  the  road.  These  ties  have  l)een 
described  undei  tlie  hearl  of  licl.uium.  They  wei;[»hed  70  i)oun(ls  each 
eonjplete.  or  al)out  !M)  pounds  when  i)acked  with  the  broken  stone  bal- 
last. In  xVpril,  ISOf.  I'onsard  cS:  Co.,  of  Paris,  wrote  me  that  112,000  of 
the  Boyenval-Ponsard  steel  ties  {see  France),  weighing  70  i)ounds  each, 
were  laid  in  1880  for  a  length  of  64  miles.  They  stated  also  that  the 
railway  comi)any  had  made  trials  of  various  types  of  metal  ties,  with 
the  result  that  it  had  been  decided  to  use  the  Boyenval-Ponsard  ties  on 
the  entire  line,  which  will  eventually  be  300  to  350  miles  long.  Only 
about  00  to  100  miles  have  been  completed  as  yet,  and  I  have  not  been 
abh^  to  ol)tain  from  the  railway  com])any  any  statement  as  to  the  ties 
actually  used,  but  there  seems  to  be  little  doubt  that  the  whole  line  will 
be  laid  with  metal  ties.  The  ballast  is  said  to  be  of  broken  stone, 
obtained  'rom  heavy  cuts  along  the  bne.   The  rails  weigh  47.3  pounds 
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per  yard,  ;nnl  the  tics  me  ^i):^^*^!  .',  iiichcs  aj);ii  t,  Tlic  sIccih'sI  grades 
nil'  [.\  per  cciil  and  the  sliaiprsi  ciii  xt's  HI."*  feci  ladiiis.  Tlic  ciiuiiics 
lia  \  ('  six  w  lice  Is.  all  con  ])!('( 1  i  w  itli  ll  a  unless  t  ires  on  (lie  middle  w  heels) 
and  w ciuli  aboni  t  liirl  \  Ions. 

(AIM:  (  OLONV. 

( 'aph(1()Vi:i;\m  IN  1'  IJ.vii.wws'  (liaiiiic  .'i  fed  (I  inches). — Wron^^ht 
iron  ci'oss  tics  ol  ihe  la\cse\  pallern  are  bein.u more  extensi v<d y  used 
since  IsST.  and  arc  u'.  aduall)  s  ipci'scdin.ii"  llic  wooden  tics  in  all 
renewals  and  c\icn->ions.  In  the  rc|)()rt  ol"  .Mr.  IJrown,  the  '•hief 
ciminccr.  for  the  Near  ISl).;.  it  is  stated  tliat  ol"  (11, 50,1  tics  i/ciicwcd  o  i 
llie  Midland   I  )i \  isioii.  (IIio  miles,  1  were  met al  (•^()^5S  ties,  chiclly 

nsed  in  rcplaciiiu'  the  old  '-bawr'  or  i)  )t  "  ties.  Metal  ties  were  lirst 
tried  c\pcriincntal!,\  in  issi.  (wo  types  l)cin<>- used :  The  Livesey  troiigU 
lie  and  I  he  cast  iroii  i)ot  or  I errapiii tie,  with  eaidi  pair  of  ])ots  con- 
nected 1>,\  a  traiisNcrse  tie  bar.  The  prinei[)al  objei^tioiis  urged  against 
the  trongh  ties  wer-e  as  follows:  (1)  Insutlicieiit  length,  being  only  5 
leetO  incdies,  as  compared  with  7  feet  for  the  wooden  ties;  (2)  inability 
to  alter  the  gauge  at  curves,  the  keys  being  always  inside  the  rail  and 
the  jaws  lixcd  to  gauge  so  that  wooden  ties  were  substituted  on  curves, 
iii\(>l\  ing  coni])lication ;  (o)  ditlicnlty  of  thoroughly  and  speedily  hlling 
the  tic  with  soft  ballast,  so  that  the  ties  rocked  and  made  a  l)ad  riding 
tra(dv.  while  the  sides  of  tlie  tie  were  injnred  in  tain])ing.  /'he  pot 
ties  had  the  objec^tions  (1)  and  (3)  but  not  (2),  and  the  keys  could  be 
])laced  inside  or  outside  the  rad,  thus  allowing  for  widening  the  gauge 
on  { iii  vcs.  They  were  subje;*t,  however,  to  other  ©"bjections,  as  follows: 
( 1 )  Miiltiplicit.N  of  parts;  (5)  transverse  weakness,  the  tie  rod  with  gib 
and  cotter  lasteiiings  not  being  stiff  enough  to  transmit  any  proportion 
of  load  or  motion  from  one  pot  to  the  other ;  (G)  inability  to  pack  the 
two  i)ots  of  ea(di  tie  eiiually,  so  as  to  get  a  uniform  bearing;  (7)  inability 
to  stand  slew  iiig  in  the  track.  In  practice  both  these  types  were  eon- 
si<lcred  as  infcrioi-  to  oi'din  ir\'  wooden  ties,  both  in  ease  of  laying  the 
track  and  in  kee])ing  it  in  proi)er  line  and  surface.  They  cost  fron) 
>^1.7()  to  SL'  each. 

(  reosoted  r>alti(;  ])inc  ties  were  first  used  on  these  railways  at  an 
axcrage  cost  of  sl.O<S  to  sl.;ii>  tor  ties  !)  by  IS  iindics  and  7  feet  long  for 
light  rails,  and  10  by  .")  imdics  for  hca\  y  rails,  l)iit  experiments  were 
soon  made  wit  h  native  timlxiis.  In  1S77  a  lew  native  ties  were  creo- 
soted  ill  iMigland  and  laid  on  the  Western  dn  ision,  and  some  of  these 
were  still  in  the  track  in  1887.  Ycdlowwood  and  stiukwood  ties, 
nncrcosotccl,  (lecay<'d  with  dry  rot  in  six  months,  while  the  hardness  of 
the  wood  made  it  necessary  to  hont  the  sjjike  holes,  increasing  the  (M)st 
of  traclv  la.\  iii.u  ami  ol'tcn  damaginu  the  tics.  I'>x |)eriinciits  with  creo- 
soted  >(dloww ood,  howcxcr,  proxcd  so  satistactor,\  that  in  ISSo  the 
Government  ercctc(|  crcosotmg  works  at  Knysna.  In  his  re])ort  for 
181K)  Mr.  Sinclair,  chhd'  storekeeper,  stated  t hat  83,2(1(1  ties  had  been 
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supplied  from  these  works  at  a  price  of  5*1. -()  per  tie,  10  by  5  inches 
and  7  feet  long,  as  compared  with  81.32  in  former  years.  These  prices 
must  have  been  profitable,  as  from  January  1,  1894,  the  price  lias  been 
reduced  to  81  per  tie,  wliich  is  a  reasonable  rate  for  creosoted  yellow- 
wood  ties  delivered  at  Cape  Town,  Port  Elizabeth,  and  East  London. 
The  tie  renewals  in  1803  were  as  follows: 


Miles. 


Ties. 


Midland  division  . 
Westeru  di\  isi(»ii . 
East«-rn  <li vision. . 
Northt-rn  division . 


3:u 

3«3 


Total  

Average  renewals  jjer  mile 


2,  253 


61,505 
33,  'j21 
27.  621 
4,  837 


127, 884 
56.  7 


111  .'uly.  isiu.  Mr.  \l,  ]•].  liroiinger,  chief  resident  engineer,  wrote  me 
as  follows: 

The  total  leii.utli  <>i  siii<^le  track  of  the  Capo  (iovernment  Railway.s  is  2,207  miles. 
The  total  h-nj^th  now  laid  with  wooden  sleepers  i.s  I.I^IS  miles,  and  with  wronj^ht- 
iron  transverse  sleepers 00()  miles.  The  milea<;e  laid  with  wrought-irou  bowl  sleep- 
ers has  been  rednced  to  nO  miles,  and  is  in  jirocess  of  still  further  reduction,  metal 
transverse  sleepers  having  hem  substituted  for  the  bowls,  and  excejjt  onsliort  l)raneh 
lines  they  will  shortly  be  eliminated.  The  cast-iron  pots  will  also  .shoi  tly  be  replaced 
in  couse(inenco  of  the  snb.stitntion  of  Iieavier  rails,  which  the  pots  will  not  accom- 
modate. I'he  result  will  soon  be,  therefore,  that  the  main  lines  will  l)e  laid  excln- 
sively  with  wood  and  wronght-iron  transverse  sleepers. 

The<  olouial  yellow-  wood  sleeper  in  use  is7  feet  by  10  inehcs  by  inches,  and  recent 
examination  has  shown  tliat  tiie.se  sleepers,  when  creosoted,  ]>o.sse.ss  very  consider- 
able durability  (xcc  Part  m. — i:.  i:.  U.  t.).  Without  treatment  with  creosote,  how- 
evi-r,  they  soon  decay.  The  heaviest  engines,  with  tciuders,  now  running  on  these 
railways  weigh  1.">1»,712  pounds  on  a  wheel  base  of  4(5  feet  1.^  inches,  and  tlic  inaxi- 
mum  weight  fui  a  pail- <»f  wheels  is  27,104  pounds.  The  ballast  gen<  rall\  in  use;  is 
gravel  from  the  river  beds.    liroken  stone  has  been  used  to  a  very  small  extent. 

In  r»'S]»e«  t  to  the  wrought-in>u  bowl  sleepers,  it  has  been  found  that  the  si<le  of  the 
bowls  nearest  to  the  center  of  the  track  is  force<l  more  deeply  into  the  ballast  than 
the  outer  side,  causing  the  connecting  bar  to  become  cnrved.upward  near  the  ends, 
and  resulting  in  a  diminution  of  the  gauge  of  the  road.  The  bars  are  S  by  inches 
iu  cross  section. 

The  wrought -iron  cros.s-ties  arc  of  tlic  trough  tyi>c,  with  rounded 
closed  ends.  They  are  (>  feet  1  incli  long  over  all,  lO.i  inches  wide  at  the 
middle,  13  inches  wide  at  the  ends,  3-^.7  inches  deep  over  all  in  the 
body  and  3^^  inches  at  the  ejids.  Tlie  ends  are  horizontal  on  the 
bottom  corners,  but  the  sides  have  no  i  il)s  or  flanges.  The  metal  is 
seven  thirty-seconds  inch  thick  and  tlic  weight  of  tie  complete  is 
79.15  pounds,  the  rails  are  of  T  or  Hange  section,  weighing  00  pr>unds 
per  yard.  The  outer  flange  of  each  rail  is  held  by  a  riveted  clamp  2 
by  4  inches,  three- fourths  inch  thick,  and  projecting  three-eighths  inch 
over  the  rail  flange.  The  clamp  is  fastened  by  two  rivets  and  a  washer 
plate  is  placed  between  the  inner  rivet  head  and  underside  of  top  table 
ot  tie.    On  the  inner  side  of  each  rail  seat  is  riveted,  in  the  same  way,  a 
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(•l;ilii)>  1  iiiclics  Irii^I  liw  i>('  ol^l  lie  r;iil  lA  inches  Icii  isc  nl"  the 

I  if,  one  liair  to  ti\  r  li>  iiicli  I  liick.    'Tlic  claiiiit  is  lliit  Inr  HA  indies 

and  is  then  I  len  t  n  |  >  I  o  lie  (>\  cr  (he  r;i  il  Ihi  n  ue.  Ilet  w  »'en  the  top  of  t  he 
rail  ihniL^f  nnd  the  nndei^ide  ol'  the  ehiinp  is  di  ixcna  w  iniiiilit  iron 
coi  l  ii.uated  ke>',  <iA  iiielies  huiu.  I  inches  w  ide,  li\  e ci^lit  hs  inch  t  lM(d;  at 
one  end  and  three  eighths  incli  thick  at  theothei'.  The  e(  nin^at  itHis 
ai  e  on  t  he  ni)|H'r  lace  and  ha\  c  a  jiilch  ol  t  hree-einlit  lis  inch.  I  '.aeli  key 
\veii:h>  1 .',  ponnds. 

XATAL. 

N\i\i.  ( i(  )\ r.K'N  Ai  i:n  1'  KVviiwavs*  (i^an.i^c,  t'e«'t  (I  imdies). — A 
committee  appi>inted  l»y  tlu'  Natal  <;ovei-nnienl  in  ISDl*  to  consider  the 
(|ne>t  ion  of  railw  a\  ties  and  t  he  utilizat  ion  of  nat  i  vc  t  iiiibeis  i"('[)orted 
that  it  wonhl  iie  hetter  to  secni(»  a  satisfactory  and  durable  tie  of  iiafive 
ti  nd)er  than  to  con  I  einpla  t  e  an  e  \  t  <'iisi  \  c  use  of  metal  ties.  In  order  to 
thoroniihly  t est  t he  (pia lit  ies  (»l  t  he  t ind)ers,  the  comnnttee  recommended 
that  ])roposa]s  sljould  he  invited  for  the  sup])ly  of  1  ,(M)() blue-i>iini  sleep- 
ers and  oOO  nati\ e-wood  ties,  to  be  felled  and  sawed  under  the  inspec- 
tion of  the  forestry  department.  Then  oOO  of  the  blue-gum  ties  and  500 
nati\i'  ties  should  be  sent  to  I'^n.^land,  wliere  half  of  each  eoiisig-ninent 
should  be  cicosoted  and  the  others  treated  by  the  ehloride  of  zine  (bur- 
net  ti/iii.Li)  i)i<)cess,  then  l)e  returned  to  the  colony,  laid  in  the  track, 
<  arefidl>  \\  atched.  and  reported  on  annually  by  the  juaintenance  de- 
]>artment.  Tin;  remaining  500  blue-gum  ties  should  be  stacked  and 
seasoned  until  the  return  of  tin*  prepared  sleejiers,  and  then  be  laid  in 
cont i.-uit \"  to  them.  A  piojK^al  was  laid  betbre  the  eonnnittee  tor  the 
installation  of  a  small  creosoting  works  in  Xatal,  on  certain  conditions  as 
to  goverjiment  guaranteeing  a  contract  foi'  ties  to  a.  linuted  extent  at  a 
si)ecial  rate,  and  It  is  hoix'd  that  the  oiler  iua>- l)e  renewed  shonhl  it  be 
decided  to  call  for  tenders  lor  a  sniall  experimental  sup])ly ;  but  the 
comnnttee  w  as  not  ]>repared  to  re(;onnnend  its  consideration  at  that  time. 

SO  I  I  I  r  AFRICAX  REPUBTjTC  (TRAIVSVAATj). 

Drrcii  Sori'ii  Ai'RiCAN  IJaiiava^  *  (gauge..')  feet  <i  inches). — On 
this  liiM-  are  laid  the  Post  steel  ties  of  im[)rove(l  design,  having  drilled 
instead  of  ]miH'he«l  bolt  holes,  so  as  to  reduce  the  liability  to  cracks  at 
the  bolt  holes.  On  Wooden  ties  the  Post  tie  ])lates,  with  flat  bottoms 
and  with  toothed  bottoms,  ha ve  been  extensively  used. 

Sj:i.A'11  [Oil  XoHTiiERN)  JvAiLWAV  (gauge, 3  feet  (I  inches). — Thisi  ail- 
way  starts  from  Komati  Poort,  near  the  western  (tr  iidand  terminus  of 
the  1  )elagoa  r>ay  U'ailway,  ami  is  to  extend  liOO  miles  to  Leysdorp.  a 
ndninu  center  on  the  Scdat  i  Iv'i\ cr.  About  75  miles  are  now  comi>leted 
and  work'  is  in  progress.  The  lObbw  N'alc  Steel  Company,  of  England, 
has  the  c<uitract  for  track  material.  in(duding  steel  ties  and  T  rails 
weighing  5()  ])ounds  i)ei-  yard.  The  railway  is  being  built  by  the 
I'l  aiico  Ileluian  N(»rlhern  Railway  Com'pany,  of  the  South  African 
liepublic. 
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BRITISH  SOUTH  AFRICA. 

Beira  Railway  (gauge,  2  feet  6  inches  or  2  feet). — This  pioneer 
railwaj^  starts  from  Foutesville,  35  miles  up  the  Puugwe  Kiver  from  the 
port  of  Beira  ou  the  southeast  coast,  aud  crosses  Portuguese  territory 
to  the  eastern  frontier  of  liritish  territory  to  open  up  commuuicatiQu 
between  the  Mashonahind  gold  lields  aud  the  coast.  It  has  beeu  com- 
pleted for  a  length  of  75  miles,  aud  contracts  have  been  let  for  con^ 
tinning  it  to  Chimoyo,  45  miles  fiirther,  while  it  is  eventually  to  be 
extended  to  Victoria  and  Salisbury,  about  100  miles forther  west.  The 
completed  portion  crosses  a  section  of  country  infested  by  the  tsetse 
fly,  whose  sting  is  fatal  to  all  beasts  of  burden,  and  where,  therefore, 
all  freight  had  to  be  divided  into  small  packages  and  taken  by  native 
carriers.    Steel  ties  are  used  tlirougliout. 

BRITISH  EAST  AFRICA  (  OMPANY^S  TERRITORY. 

MoMKASA  Railway  (gauge,.')  feet  0  inches). — This  is  a  ])ioneer  rail- 
way being  built  by  tlie  British  \vAst  Africa  C()mj)auy,  and  will  extend 
tVom  the  I  (»f  3I()nil)asa  on  the  east  coast  to  tlie  Victoria  Nyanza. 
It  will  be  057  miles  long,  and  tlie  cost  is  estimated  at  ^17,045  per  mile. 
The  maximum  grade  is  1 .5  per  cent,  eomi)ensated  for  cur\  ature,  and 
the  sharpest  curves  are  57.>  feet  radius.  The  track  is  of  50  ]tonii<l  steel 
T  rails,  30  to  36  feet  long,  on  sleel  ties  weighing  70  i)onn(ls  each  and 
spaced  32  inches  center  to  ci'ntei  ,  or  2,000  jjcr  mile.  \\'herethe  soil  is 
salty,  however,  creosoted  pine  ties  0  feet  G  inches  long  and  9  by  4 
inches  section  are  used,  as  on  the  Kast  Coast  Railway  of  India  {see 
India ).  The  steel  ties  cost  J<150  to  *250  per  mile  more  than  the  wooden 
ties,  but  it  has  been  considered  a(l\  isable  to  recommend  the  general 
use  of  steel  rather  than  pyngado  wood  or  creosoted  pine  for  the  follow- 
ing reasons:  (1)  the  track  is  practically  indestructible  by  the  natives 
with  such  few  nu'chanical  appliances  as  a^c  found  in  l^^ast  Africa;  (2) 
the  custom  of  firing  the  grass  at  certain  ])eriods  of  the  year,  and  the 
temptation  to  steal  the  timber  ti<'S  for  fuel  and  liuiiliiig  purposes:  (3) 
white  ants  are  numerous  and  commit  great  ravages  (.sxc  Senegal) ;  (4) 
the  steel  ties  can  not  be  floated  and  carried  away  by  floods;  (5)  it 
has  been  shown  in  India  that  the  cost  of  laying  and  maintenance  are 
less  with  steel  than  with  wooden  ties.  Ballast  is  only  used  in  swampy 
country,  and  there  it  is  6  inches  thick.  The  methods  of  practice  of  the 
Indian  railways  are  largely  followed. 


Si.ciioN  :;— ArsTKWLASlA. 
Aisri;  A  I.I  A. 

( i  i;n  r.  IM  I .  I J 1  :m  \  i:  i\s. — There  li;is  Ix-eii  little  iiieicMse  in  niilwii  y  iiiile- 
a^e  oi  i  .1  the  milea.ue  of  track  laid  with  met  a  I  ties;  l)iit  tlii^  hitter  lUet  is 
not  to  Ite  woiuh-red  at,  in  view  of  the  many  excellent  and  exceptionally 
diirahle  native  timbers  wliieli  ;ire  available.  Nevertheless,  in  (,)ueens- 
land,  the  ad\  anta^^cs  and  i)ractical)ility  of  metal  track  for  pioneer  rail- 
ways, especially  in  soft  conntry  liable  to  Hoods,  have  been  conclusively 
shown. 

Sinitimini  ol  incldl  I  nick  in  .  I  usi  r((H<i . 

Miles. 

(,»ll.■(•Il^l:nHl  ( ISDS)   82 

S.Hith  Australia  (1S!I|)   152 

lolal  l()r  1S!)|   23t 

iolal  tor  1S!K)    186 

Xoini ANTON  AN!)  Crovdon  RAILWAY*  (oaa<»e,  feet  (5  inches). — 
In  is'.i.')  there  were  in  service  about  S2  miles  of  track  hiid  with  the 
lMiillii)s  steel  ties,  which  were  described  and  illustrated  in  my  ori«;inal 
re])ort,  and  are  intended  s[)ecially  for  use  on  li'iht  and  economical  rail- 
wa,\  s  tollowinu  the  surface  of  the  ground  in  ditticult  country. 

The  railw  ay  commissioners,  in  their  report  for  the  ei^-hteeu  months 
ending  dune  .JO,  1S!I(),  stated  that  the  first  section  of  3()  miles,  which 
was  bnilt  as  a  low  level  surface  line,  \v\t\i  steel  ties  and  without  ballast, 
was  ()])ene(l  in  May,  1SS9,  and  tliat  the  second  section, oSi  miles,  was  to  be 
l)uili  in  the  same  \vi\y,  and  to  be  completed  by  the  end  of  Aui^'ust,  1890, 
but  iliat  ow  inn-  lo  inability  to  sup[)ly  the  steel  ties  (contracted  for  in 
rliil  \ .  iss!i  in  time  to  complete  the  line  by  the  wspecified  date,  some  miles 
wei  e  laid  with  wooden  ties.  These  latterties,  Mr.  Phillips  states,  were 
sawed  ironbark  for  7j  miles,  and  half-round  bloodwood  for  ."i'J  miles, 
and  were  liable  to  attack  by  the  white  ants,  while  it  actually  costs  49 
to  87  per  cent  more  to  lay  and  lift  these  than  the  steel  ties.  Up  to  the 
end  of  dune,  1S<M,  only  4, ()()()  cubic  yaids  of  ballast  had  been  laid  on 
tlu'  entire  length  of  DIA  miles,  and  only  one  ins])ector  was  employed,  so 
that  it  is  e\  ideiit  tliat  bnt  little  sui)ervisioii  was  re(|uii('d.  ^Vs  to  the 
cost  of  maint(Miance  .Mr.  Phillips  states  that  the  cost  i)er  mile  for  the 
year  endin.n  dune  .)<),  1S9'2,  was  >^4()7..")(),  whi(di  was  8lLM.r)()  less  than 
the  a\erat;e  of  tlie  other  railways  of  (^>ueenslan(l.  altlion<^h  the  waj^es 
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paid  to  section  foreiueii  were  ?$1.5G  to  82  per  day  on  the  latter,  as 
against  82.50  per  day  on  the  Normanton  line.  Nevertheless,  the  rail- 
way commissioners  have  expressed  considerable  dissatisfaction  with 
the  steel  ties,  bnt  from  tlie  objections  raised  in  their  reports  and  by 
some  of  their  engineers,  and  from  Mr.  Phillii)s'  replies  thereto,  I  am 
fiee  to  confess  that  the  evidence  appears  to  show  very  strongly  that 
tlie  steel  ties  gave  good  results,  and  that  the  objections  were  not  well 
founded.  As  already  explained  at  length  in  my  original  report,  the 
line  is  one  of  economical  construction  across  bad  country  subject  to 
floods,  but  many  of  the  objections  against  it  arcsuch  as  might  ai)p]y  if 
it  was  a  road  of  heavy  and  important  trallic,  and  I  ha\e  fie(piently 
had  occasion  to  observe  that  colonial  railway  men  and  engineers  do  not 
sulticiently  appreciate  the  advantages  of  light  railways  or  the  princit)les 
of  building  economical  railways  suitable  to  the  trallic,  but  have  a  ten- 
dency to  build  heavy  and  exi)ensive  roads  on  English  standards,  and  to 
consider  light  railways  as  in  themseh'es  dangerous  and  objectionable. 

rhillips  hasstr(>ngly  advocated  the  construction  of  bglit  railways, 
of  moderate  cost  as  i)ioneer  radways  ( wincdi  is  exactly  the  kind  of  rail 
way  largely  neede«l  in  Australia,  and  a  move  toward  which  has  recently 
been  taken  in  New  South  Wales),  but  considers  it  immaterial  whether 
wooden  or  metal  ties  are  used,  thougii  the  latter  are  advantageous  and 
econonncal  where  tind)er  is  scarce  and  white  ants  are  numerous.  There 
can  be  no  (|U('st ion,  he  thiid;s,  tiiat  tlie  deep  trough  steed  ties  make  a 
better  traidc  than  the  wooden  ties,  particularly  ui)on  such  soft  and 
''rotten"  or  trea(dierous  country  as  is  traversed  by  this  railway.  This 
he  ('.\l)rcssed  as  Inllnw  s  in  a  letter  to  me  in  M;in  h.  ISDO: 

Without  it  (tliostcfl  tic)  I  coiilil  iicvi-r  liave  (lc)ii(>  the  work  I  liave,  especially  oa 
the  ^^loiiiid  I  had  to  (h-al  with,  liy  its  iiicaiiH  I  have  built,  worked,  and  iiiaiiitaiiied 
36  iiiih's  of  the  description  of  railway  I  advocate,  and  in  sjdte  of  a  rainfall  of  nearly 
60  inches  in  three  months,  of  which  20  inches  Ml  in  seven  days,  tliclin(5  is  still 
above  «;ronnd  and  workinj;,  althou<^h  the  <jjronnd  has  been  so  inroncei  vably  soit  and 
rotten  that  it  would,  to  use  a  local  expression,  "  boi;  a  dntd-;."' 

The  steel  tics  were  origiiiall\  hiid  and  packed  w  itii  about  their 
dei>th  below  the  original  surface  of  the  ground,  with  Ji  little  earth 
baid;cd  up  against  the  ends.  After  the  tirst  heavy  rains  the  track  set. 
tied  to  a  bearing  practically  nixni  the  normal  surface  of  the  country, 
thus  presenting  no  interference  to  the  diainage  and  rerpuring  very 
little  surfacing  or  raising  alterwards.  lUit  a  later  engineer,  imbued 
with  the  idea  that  ballast  is  absolutely  indisi)ensable,  actually  lifted 
these  ties  so  that  the  interior  core  of  earth  was  above  the  normal  sur- 
face and  would  be  at  once  softened  by  rain  or  washed  out  iu  case  of 
flood,  while  in  dry  weather  it  crumbled  and  blew  out.  C'omplaint  was 
made  of  corro.sion  of  the  tics  m  ground  impregnated  with  salt,  and 
some  ties  were  taken  out  after  four  years'  service,  but  "Sir.  Phillips  states 
that  while  the  lower  flanges  were  somewhat  rusted  the  to])  table  was 
but  slightly  affected,  while  the  riveted  fastenings  were  in  good  condition 
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and  tlir  tics  were  iiol  «  lacktMl  or  buckled  in  any  w  a  \ .  hciiiLi  in  con 
dition  toi-  tiirdu'i'  s('i\i(('.  Il  was  cstiinalcd  thai  with  sncli  icsnlls 
under  sueli  eond i  1  ions  ol'  sod.  the  tnvs  wouhl  hist  iVoiu  twclxc  to  tliii' 
U'en  years  in  >n(  li  >oil.  They  ucic  speeilied  io  he  of  Hessenier  or 
SieuH-n^Mart  in  >leei.  witli  a  tensih'  slren,uth  of  helwceii  and  .'50 
tons  ))er  Mjuaic  ineli.  an  el(Uiuati(Ui  ol"  IM)  jkm'  cent  in  S  incdies,  ami  to 
bend  cold  without  Iraetiire  loan  an-h'  ol"  100  deuices  a('r<>ss  t  he  <^rain 
or  ll'O  deurees  with  the  ^raiii.  These  plates  were  |)ressed  to  shap<* 
cold,  and  nj)  to  the  end  ol  lS!tL*  not  one  had  been  renioNcd  owiiiu  l<> 
tract  uit'.  while  two  whiidi  wi're  derornied  thron.uh  lar<4'e  stones  beiiii;' 
lelt  nndei  them  in  t  a  ni|>iii,u- showed  no  si^iis  ol'  tract  inc.  Tiicr<»llow- 
inu  is  an  al)>tract  of  .Mi-.  rhillii)s'  ro[)orts,  made  in  Aii,mist,  1801  : 

Till-  tirst  .".(i  miles  ;uc  Iniil  with  >Iccl  lies.  .")  feet  H  inclifs  loiii;,  10  inches  wide,  and 
•  iiiehe>  deep,  w c i u  1 1  i  1 1  u  einpi  N  s|  ixjiiuds,  lull   w  hell  [laelied  w  ith  soil  or  uravel 

wliieh  adheres  to  the  tie  under  (■oni|>re.ssi<m  and  assists  by  its  inertia  in  steadvin.^- 
the  traido  the  \\ei<iht  is  incieased  to  'Jl'A  pounds.  These  were  niann  I'aet  ured  in  Oris- 
liaiie  iVoni  inii)<)rled  jdates  at  a  cost  ot"  ^2.. SO  each,  delivered  at  N(n  iiiaii  1  on.  Steel 
ties  ()  feet  by  10  iu(dies  1)>  r»  in(  lies  are  laid  for  15  miles,  weigliiiij^  100  pounds  empty 
and  L'MT  ]»oiiiids  wlieii  pa(  ked  ;  tliese  w  ere  mannfactiired  in  Glasgow  at  $42  per  ton, 
t'.  o.  1)..  w  hich,  w  ith  freiglit  and  other  <  harges  added,  brings  the  total  cost  to  $2,50 
tor  ea»  li  lit-  dtdivered  at  Noi  nianton.  Sawed  iron-bark  ties, 6  feet  9  inches  long  and 
!'  by3A  iuebes  section,  weighing  102  pounds  eacdi.  are  laid  on  7^  miles.  They  cost  $1 
.  .icli  (bdivered.  w  hile  full  si/e  ties  {H,  inches  thick)  cost  from  $1.75  to  $2.  The 
iruiaiiiinu  ]>ortion  of  tlu>  line.  5J  miles  in  length,  is  laid  with  half-round  bloodwood 
ties  (i  feet  0  inches  loiiii  and  !•  by  1.1  inclies  section,  weighing  102  pounds  and  costing 
$1.12.  I'lie  niiniber  of  ties  per  mile  a \ crages  2,231  steel,  or  2,040  woodi'ii  ties,  \\  ith 
about  »di'\en  steel  or  thirteen  wooden  ties  to  each  rail.  The  last  25  miles  were  laid 
and  lifted  in  sixt\  -foiir  w  orking  days  at  an  average  rate  of  2,062,V  feet  per  day.  The 
^rts\test  length  on  any  one  day  was  2,(U0  feet  of  wooden-tie  track,  with  87  men,  at  a 

ost  of  cents  jier  foot  for  laljor.  and  8,430  feet  of  steel  tie  track,  with  70  men,  at  a 
c(»st  of  5A  cents  per  foot  for  labor.  The  cost  of  lalior  in  the  former  case  was  48.8 
per  cent  higher  than  in  the  latter;  but  on  long  lengths  (d'  line  1  have  found  that  the 
w«»oden  ti«'S  cost  87  per  cent  more  to  lay  and  lift  than  the  steel  ties.  The  weiglit  of 
tirst-class  track  in  (Queensland,  w  ith  (iO-pound  rails,  is  310  pounds  })er  linear  yard, 
while  on  this  road  the  weight  ]ier  yard  is  212  i)ouii(ls  w  ith  the  Avooden  ties  and  432 
to463  i)ounds  w  it  h  the  steel  ties  ( iinliiding  their  pa(d<ing).  The  cost  of  maintenance 
per  mile  per  annum  w.as  -i^lO,  or  02  cents  jier  train  mile,  with  a  traffic  of  03,220  gross 
tons.  The  niininium  wages  are  12.50  per  day  and  at  the  lowest  rate  of  $1,50  on  other 
parts  of  the  railways  of  the  colony  the  cost  would  lia\e  lieen  <inly  $332.  The  num- 
ber of  men  emidoyed  averaged  0.t)5  per  mile. 

During  the  wet  season  (.laniiary  to  Api  il.  incliisi\e)  W}  miles  in  the  \  icinity  of 
the  Norman  Kiver  w»'re  submerged  for  somi'  time  at  an  .i  \erage  depi  h  of  0.4  feet,  and 
a  maximun  of  1().42  feet  o\  er  the  rails,  w  hile  t  he  Norm.in  lu  idLie  could  not  be  crossed 
for  several  weeks,  but  trains  were  inn  up  to  the  flooded  portion  and  mails  and 
passengers  conveyed  across  by  bo;its,  t  he  hiuhest  trallic  retnin  for  aii\  one  niontli 
I  •■r5.837)  being  during  this  season.  Th  is  pi  o  \  es  1  hat  t  he  road  is  ca])alt|e  of  doing  fair 
average  work  during  the  wf)rst  weather,  and  that  it  can  not  be  regarded  as  a  fair- 
weather  road  only.  Although  the  damage  done  l)y  the  flood  was  inconsiderable,  and 
trains  were  able  to  resume  runnini;  wherever  the  bi  idues  were  uncovered,  the  fact 
that  tho  section  Irom  Haydiui  to  I'atter-on  w  as  opened  in  .in  iiiifini>lied  condit  ion  at 
the  beuinning  of  the  wet  season  has  added  consideral)ly  to  the  cost  of  maintenance. 
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Bringing:  the  matter  of  tliis  interesting-  experiment  up  to  date,  I  give 
below  tbe  substance  of  a  commuuieatiou  furnished  me  by  Mr.  Phillips 
in  June,  1894. 

Tlie  Nornianton  Railway,  on  which  niy  system  of  steel  ties  was  laid,  was  taken 
out  of  my  hands  by  the  Queensland  railway  commissioners  as  soon  as  the  construc- 
tion of  the  line  was  completed,  in  October,  1891.  8ince  then  I  have  not  been  in  a 
position  to  exercise  any  control  over  the  line  in  any  shajie  whatever,  and  I  am 
therefore  at  a  disadvanta.<;e  not  only  in  giving  the  i^articulars  you  ask  for,  but  also 
in  Avatching  over  the  initial  stages  of  an  experiment  which  was  authorized  by  a  late 
govenuneut  of  the  colony,  on  my  representations. 

The  length  of  main  line  laid  with  my  system  of  steel  ties  is  about  81  miles,  and 
about  2  miles  of  sidings  in  addition.  The  length  of  service  has  been  from  three  to 
six  years,  but  with  the  exception  of  a  few  ties  laid  in  grouud  highly  impregnated 
with  salt,  the  sleepers  as  a  whole  are  not  showing  signs  of  decay.  The  system  has 
answered  tbe  i)urpose  I  had  in  view,  namely,  to  secuie  at  minimum  cost  a  road  over 
which  ordinary  rolling  stock  can  run  ar  moderate  speed  in  any  weather,  so  long  as 
the  rails  are  not  too  decjdy  covered  by  water.  No  part  of  the  track  laid  with  metal 
ties,  whether  ballast^'d  with  stone  or  earth,  has  ever  failed  to  do  the  work  re([uirod 
from  it,  although  the  country  is  extraordinarily  soft  in  wet  weather,  and  subject  to 
a  heavy  rainfall  for  three  months  in  the  year,  and  great  dryness  of  climate  during 
the  other  nine  months.  Mr.  H.  C.  Stanley,  the  chief  engineer  of  Queensland  rail- 
ways, Avlnt  has  always  been  opposed  to  my  methods  of  construction,  contends  that 

a  thoroughly  «lrained  and  well-ballasted  roadbed  is  essential  to  secure  a  per- 
manent and  economically  maintained  line  of  railway."  Hy  "well-ballasted"  he 
means  from  1,000  to  1,200  cubic  yards  of  good,  clean,  broken  stone  or  river  shingle 
(small  water-worn  stones  with  a  small  (juantity  of  clean  sand)  per  mile  of  single 
line.  By  "well-drained"  he  means  a  road  with  the  lormation  (subgrade)  so  raised 
above  even  ground  or  so  gr;ided  in  um'von  ground,  and  so  protected  by  side  and 
cross  drains,  that  Hood  or  storm  water  shall  never  come  in  c<mtact  with  the  ballasted 
roadbed.  The  average  cost  of  this  kind  of  railway  in  Queensland  has  been  $34,200 
l»er  mile,  including  rolling  stock,  and  for  the  year  ended  on  .luue  80,  1803,  resulted  in 
a  loss  on  working  all  Queensland  railways  (2,373  miles)  of  $2.90  per  head  of  pojtula- 
tion,  estimated  at  430,000  souls.  In  the  loss  on  working  I  inchide  interest  as  ca))ital 
expended  on  open  lines  at  4  ])er  cent  per  annum.  For  the  same  i»eriod,  and  sul)ject 
to  the  same  limitations,  the  loss  in  connection  with  the  Normanton  Railway,  94 
miles,  amountetl  to  3j^  cents  per  unit  of  population. 

The  first  cost  of  steel  sleepers  in  Queensland  has  hitherto  i)rovcd  more  than  double 
that  of  wooden  sleepers,  but  this  is  largely  due  to  ]nirchasing  steel  plates  or  manu- 
factured steel  sh'Cjjers  on  an  inflated  metal  market.  In  certain  cases  I  am  conlident 
the  first  cost  of  the  former  need  not  exceed  that  of  the  latter.  The  steel  ties  have 
not  corroded  to  any  serious  extent  except  in  one  place  C5  miles)  where  they  were 
laid  in  ground  highly  impregnated  with  salt.  From  the  experience  I  have  had  with 
metal  slcej»ers  in  the  track,  now  extending  over  seven  years,  I  do  not  think  it  neces- 
sary to  use  any  preservative  coating,  except  to  protect  sleepers  in  transit  by  sea,  and 
then  an  oil  bath  would  answer  all  the  purpose.  The  only  cracks  I  have  noticed  have 
occurred  at  the  foldings  of  the  metal,  and  are  due  to  defects  in  rolling  the  plates. 
None  have  cracked  at  or  near  the  rail  seats  or  lastenings.  There  are  no  complaints 
as  to  wear,  but  the  traffic  is  very  light  and  the  length  of  service  of  the  steel  ties  only 
from  three  to  six  years.  Steel  ties  properly  packed  and  well  boxed  up  with  stone  or 
earth  ballast  are  not  more  noisy  than  wfioden  ties  under  siniiliar  conditions.  My 
fastening  is  a  riveted  clip  (two  rivets)  to  hold  the  outer  tlange  of  the  T-iails,  and  a 
loose  clip,  secured  by  a  bolt,  to  hold  the  inside  tlange.  I  have  heard  no  complaints 
of  the  fastenings  and  have  very  seldom  noticed  auN'  rattling  when  traveling  over 
the  road.  If  the  bolts  that  hold  the  inside  clips  work  loose,  the  fact  is  at  once 
observable  from  the  rattling  sound. 
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I  was  ovrr  tlio  road  iwitr,  Ironr  <inl  in  tiid,  wiiliiii  (Ik-  last  sovjmi  weokH.  Ah  a 
iiH'mhcr  oi"  till'  ItvLrislafivo  assriiil)|y  of  iliis  (((ImiN  lor  I  he  electoral  <li.stri<'t  of  Car- 
pi'iilaria.  uliiili  iiieliides  the  ^re;iler  |>(>rtii>ii  i>rili.-  N « iima ii  1  on  Iv'.iilway,  I  had 
(tcr;i>ioii  oil  Ajiril  ;!>  lo  lra\cl  o\er  a  |ionioii  ol'ilir  I  i  nr .  a  in  I  on  .Ma\  H  and  !>  I 
lia\fleil  Iroin  eiiil  to  end  in  eompaiiN  with  Mr.  IJo\d  lla-^~..ll.  llic  ollicer  i  n  rliar^t' . 
of  lraHi<-  and  main  I  eiia  no-.  I  I'onnd  tiiat  liie  li'ailway  I  )<'|i.i  rt  nnnt  li.is  nioii-  or  lesH 
I'lillv  l>alla>ted  wit  li  ■stone  t  he  !;>  miles  of  w  ooden  ties.  |tre>ninal)l\  willithe  idea  of 
iiiiiiiiiii/iiiu  the  daiiiam-  lo  the  ties  iVointhe  ;i  1 1  ac  Ivs  ol"  t  erm  i  t  <s  fwhili-  antsi.  In 
spite  ot'  I  his  |. rot. -el  ion  they  are  \u-\\\'j;  lapidlx  destro\<'d.  I  also  round  lliat  the 
de|>ai  lmeiil  is  |trt>eeediim-  lo  mMU'raliv  lialhiNt  ihero.id  willi  stonr  or  ri \  er  shini^j,.^ 
Iml  it  will  takt>  soim-  years  hetore  the  line  is  !lioronuiil\  liallasled  in  this  way.  I 
Ion  ml  the  io:id  in  ^ood  order  and  eond  i  I  ion ,  ;i  nd  a  1 1  hoii  uh  I  In-  I  la  in  w  as  1  he  nion  t  lily 
|ia\  I  rain  slo]i|)inLi-  al  e\ erv  <^a  n  l;-  o  f  lenm  lisim  n  i  see  I  ion  L;a  n  l:  >  in  addition  tollio 
ordinary  sioppini:;  places,  the  !'l  iiiili  s  were  ae( oinplishcd  in  imnrs.  Ii  was  a 
iiii\»'d  passeiiiicr  and  l'rciL;,lit  train.  1  r(Hinil  a  ^rowinu  co!i\iclioii  anioiiL;  tiioso 
employed  on  the  line  in  la  \  (>i-  <d"  t  lit^  si  eel  lies. 

in  colli  lii>ion.  it  is  impinlanl  to  ix  ar  in  mind  thai  onl\-  in  a  \ cry  few  places  (cer- 
laiiily  noi  more  than  2  miles  oni  ol  ill  i  woro  any  sido  or  cross  drains  prox  idcd  l)y  iiie 
w  hen  const  ructin^:  tho  railway.  The  draiiiai;-e  of  the  line  remains  the  same  to  this 
da>  .  1 1  is  praci  ical  I  \  iind  i  a  i  iied  l>y  any  a  it  i  licial  meihod  except  at  t  lie  crossings  of 
cre(d\s,  w  here  low-le\  <d  luidLics  are  pro\  ided.  In  wet  weather  no  part  ol' t  he  country 
I  ia\ »'rsed  bet  ween  Hniiles  and  DO  miles  will  snsta  in  t  he  wei.uht  of  a  man  on  foot 
without  his  sinking  at  excry  ste[)  as  far  as  the  knee  and  oitcn  mu(  li  deeper.  Steel 
ties  are  used  only  on  this  railway.  For  future  railway  exlen.sion  in  tliis  colony  I  do 
iKtt  propose  to  further  adxocate  the  use  of  melal  slee])eis.  The  woil<  already  done 
issnrticient  to  ultimatid\-  demonstrate  the  relative  advantages  of  steel  and  wooden 
sleepers  in  the  noi  l  hern  parts  <d"  (^neenslaiid.  and  the  (|nesl  ion  can  salely  he  left  to 
s.  ttle  itself. 


KiiilwiiN 


Nunnauton  .. 
.Ml  railways. 


Leu<;tli. 
ill  miles, 

ojieii 
Jinie  30, 

1893. 


94 

2,373 


Cost  per 
niil<>  o]ieii, 
iiK  ludin"; 
rollin- 
stock,  to 
June  30, 
1893. 

Cost  of  iiiainieiiiiiH  i 

lier  average  mile 
maintaineil,  exclu- 
siv<;  of  relaying. 

AVafie.s  of 
section  men, 
per  (lay.* 

Average 
jiumber 
of  men 
)»er  mile 
1892-'93. 

1891-'92. 

1892-'93. 

$14,  380 
34,  200 

$407.  35 
531.84 

$388. 4G 
510.  82 

$2.  50 
1.56  to  2.  50 

0.45 
0.75 

'  TIk-  N'onnioitiiii  Itailw.-iy  is  tin-  only  mic  on  w  liicli  Inlioicrs  arc  ])ai(l  $li.r)(i  jx  r  (la\ . 

In  April.  1S<I4,  a  report  <>ii  tliis  railwiiy  was  made  to  tlic  cliict'  eiio^i- 
iiccr  ol"  railw  ay  s  l»y  .Mr.  Ll(>y(l  Ilas.scll,  oriiccr  in  diarize,  and  this  report 
\\a.>  a.s  follow  s,  w  itli  appended  explanations  by  Mr.  IMiillii)s: 

>7<'7  xUvjicvi  n  itli  halhtst.  —'llmvv  is  a  .^reat  ditfereiice  in  the  (piantity  of  ballast 
used  with  these  sleei)ers,  rnnnin;;-  from  a  bare  s])rinklino;  to,  m  a  few  cases,  an  anijile 
supply.  Sonit!  are  packecl,  and  excn  at  a  few  spots  l>o\ed  njt.  with  liall.isl,  xvliile 
tin-  ^reat  bulk  are  jiacked  m  i  he  cent ei  -^  and  boxed  in  w  i  t  h  ea rth.  the  ends  onl  \  hei iii;" 
]»a(d\ed  with  ballast.  'I'he  e(»ntinuoiis  w et,  ly in<^  as  dead  water  in  some  cases  for 
over  two  months  np  to  the  toj)  of  the  sleepers,  has  <  ansed  tlu^  sleeper  and  jiar  kin<^  to 
work,  and  )nad«^  a  bad  top  on  the  road,  bnt,  speakin.u:  generally,  tho  ballasted  steel- 
sh-eper  road  has  maintained  a  better  top  and  line  than  1  would  have  tlionijht  pos- 
sible 111  such  con  lit  ry.  even  w  it  li  the  limited  i  ni  I'lic.  \  iz,  1  t  o  (i  t  rains  a  week  t  hronoli- 
(dit  tlie  wet  season.  [The  term  ballast  lelers  to  broken  stone  or  i  i\er  shiiii;Ie,  with 
an  admixture  of  clean  sharp  sand.  Tho  wet  season  referred  to  commenced  early  in 
. January  and  lasted  to  nearly  the  end  of  April  of  this  year.  The  recorded  l  aiiifall  at 
Normanton  was  over  .")0  inches  in  that  peritid. — o.  v.] 
-[):)'— yn.  !»  li 
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Steel  sleej}ers  nitliotit  ballast. — Tlie  ''layer"  part  of  this  road  is  between  6  and  14 
miles,  15  aud  36  miles,  60  aud  70  miles.  I  examined  that  between  60  and  70  miles  on 
the  2d  instant.  Mnch  of  it  is  in  more  or  less  bad  repair,  and  at  some  points  trains 
have  to  be  slowed.  The  tops  of  the  sleepers  in  many  eases  are  tlnsli  with  the  ground. 
In  siieh  i)laees,  where  the  water  is  lying  on  the  groimd  aud  the  road  for  a  short  length 
begins  to  Avork  A'ertically,  there  are  no  means  of  repairing  it  properly  Ayithont  bal- 
last. Earth  aud  even  sand  packing  to  a  modified  extent  are  ''s(i[nirted"  out  of  tlie 
sleepers  by  every  passing  train.  [By  ''layer  "  Mr.  Hassell  means  those  parts  of  the 
road  on  which  no  stone  or  shingle  ballast  has  been  used.  The  part  of  the  road  from 
60  to  70  miles  has  never  experienced  any  wet  weather  to  speak  of  from  the  time  it 
was  Hrst  laid,  in  1891,  until  the  Avet  season  of  January  to  April,  1891,  the  wet  sea- 
sons of  1891-'92  and  1892-93  having  missed.  The  other  parts  referred  to  were  main- 
tained by  me  throughout  two  very  heavy  wet  seasons — 1889-'90  and  1890-'91 — and  the 
ground  had  become  thoroughly  consolidated.  It  is  worthy  of  note  that  the  ollicer  in 
charge  makes  no  comment  on  those  parts.  I  traveled  over  the  line  in  May  Avith  this 
oflicer  l)efore  there  had  been  tinio  to  ballast  with  stone  the  length  between  00  miles 
and  70  miles,  ami  the  train  ran  to  time  and  was  not  slowed.  Certainly  the  ground 
had  dried  up  a  good  deal  in  the  meantinie. — c.  p.] 

H'oodvn  shepera  icilh  hallaxt. — Where  there  Avas  amjile  Ijottom  ballast  aud  Avell 
boxed  up,  the  road  has  kept  in  i)erlei  t  re])air,  but  where  the  under  l)allast  has  been 
unduly  reduced  in  <[uautity  the  road  has  got  into  bad  repair.  [When  I  Avas  laying 
the  i:>  miles  Avith  wooden  sleei)ers  I  ballasted  the  Avhoje  of  it  Avith  stone  or  shingle 
to  the  extent  of  about  100  cubic  yards  per  tuile.  Since  the  line  wastaken  overfron\ 
UK'  by  the  railway  department  in  October,  1891,  this  portiou  of  the  road  has  been 
])retty  fully  ballasted  and  boxed  up  Avith  stone  or  shingle  throughout. — (J.  i'.] 

Gnu  ralhj.  —  In  iny  ojiinion  the  steel-sleeper  road  compares  very  iavorably  Avith  the 
Avooden-sleeper  road  for  its  ]>ower  of  resisting  derangenu  ut  with  a  limited  quantity 
of  ballast  in  a  Hat  country  road  in  a  wet  season,  but  if  the  soil  passed  through  is  iu>t 
in  itst  lf  a  natural  Ijallast  it  would  seem  to  be  (juite  necessary  to  ])rovido  at  least 
sutlicieut  ballast  to  ]»ack  tlie  slrejiers  fully  Avherever  Avatcr  is  liable  to  lie  on  the 
surface.  [It  should  be  bornt^  in  mind  (a)  that  the  steel  sleepers  are  only  5  feet  9 
inches  to  6  feet  in  length  by  10  inches  Avide  at  the  bottom,  as  com[)arcd  with  a 
length  of  6  feet  9  inches  an«l  width  of  9  inches  for  Avooden  sleepers;  {h)  that  only  11 
steel  sleepers  are  provided  to  a  2()-foot  rail,  as  compared  Avith  13  Avooden  sleepers; 
an»l  (V)  that  tlu*  steel  sleepers  art^,  if  ballasted  with  stono  at  all,  only  very  lightly 
l»allasted,  whilst  the  Avooden  s]ee])crs  are  generally  fully  ballasted  ami  boxed  up 
with  stone.  The  eountry  traversed  by  the  Normantou  aud  (Jr(»ydon  K'ailway  is  the 
most  unfavorable  for  the  purpose  that  I  am  a(  <[uaiMtc(l  Avith  in  Australia,  and  I 
ha\c  had  o\  rr  forty  y»'ars  of  colonial  expericucf. — <;.  p.] 

XKW    .SOlTir  WvVLKS. 

Ni:w  Sun  II  \\  alj:s  ( lo vi:knme>'t  Kailwavs*  (^aiigc, -4  feet  Si 
inches). —  I  am  iiiloiiiied  l)y  r.  W.  T.  FoxIcm;,  eii^^i^iiieei' in  chief,  that 
steel  ties  liave  only  Ix-rii  tried  to  a  very  limited  extent,  those  invented 
hy  Mr.  Cowdeiy,  and  mentioned  in  my  original  report,  having  been  tlie 
niily  ones  tried.  These  ties  wci  e  found  very  unsatisfactory  and  were 
removed  after  being  in  the  track  about  two  years.  I  am  indebted  to 
Mr.  Foxlee  for  the  following  statement  as  to  the  track  of  these  railways : 

All  classes  of  colonial  ]iard-Avoo<l  timbers  ha\  e  beeji  tried  for  sleepers,  but  avo 
have  found  that  ironbark  is  by  far  the  best.  This  timber,  Avhich  Aveighs  a])out  80 
pounds  ]»er  <  ul)ic  foot,  lasts  in  the  road  about  twenty-fiA'c  years,  and  Avhen  the  tim- 
ber is  of  exceptionally  good  (luality,  even  a  longer  period.  Wc  find  the  ironbark 
obtained  from  the  coastal  districts  somewhat  superior  to  that  groAvn  inland.  Ked 
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^w\\\  iM-fii  iis»mI  to  ;i  Imiitfil  rxtt-iit,  is  .1  li rst-cl;is.s  tiiiilicr.  Ilioiiuli  not  <  (|ii,il 
to  irniil):il  U.  'riM>  host  tiliilMT  is  tli.itmow  II  in  tll(«  \  ;i  llr  v  <  >  I'  I  M  1 1 11  :i  \  K"  i  \  «i  :i  iid 
otlltT  l»laces  Slllijt'ct  III  IIoimIs.  l         w  liirli  is  iiKliufiiuii^;  1  o  \\  r>|  n  ii  A  ii>t  1  :i  I       1 1:1s 

not  hrrli  llM'd  I'oT  sli'r|»crs  in  t  !i  is  lolnn  \  .  It  lit  iVdiii  Siiiiiplr^  I  li:i  \  .sci  11  1  do  iiol  >  oii- 
sidtT  It  to  iiiinl>,irk.    Onr  ^l^■t■]^t•^s  aif  rcriaii^iil.ir  in  roiiii.  tiir  siaiidard  si/o 

liciiii;  I'<  <1  loiiu.  Ill  iiH  In  s  liroail.  and  iiirlics  dci  p.  TIkm-  ,s|cc|i.  is  an-  '-|iacrd  2 
tV-fl  7  lut  iu's  ciiitn  to  c.  liter,  and  ai  t  lie  Joi  11 1  s,  wliidi  an-  al\va\s  kci»t  oppo^-i  I  c,  tluj 
sjiarin,!;  is  1  toot  s  nicln's  (enter  to  (enter. 

Tlio  SO- pound  liu  1  Ihe.id  lai  I  is  n-~e(l  only  on  the  sn  hii  rh.a  n  line,  w  here  1  he  t  lai'lie  is 
o\ft']d  ion.i  1 1  \  hea\\.  I  lie  SO-poiind  T-'id  is  now  onr  standard  i.iil  t'oi  all  main 
line-^.      The  71  'pound  T  '"^  used  on  hr.ineli  lines  where  the  liallie  is  iui|)(Ul  .int  ; 

and  t  he  til'-  pound  T-i  a  il  on  ot  her  1  >r,i  ueh  i  im  s  w  liere  1  lie  t  ra  Ilie  is  1  i  ulil .  Willi  reu.ird 
to  halhast,  on  the  urealer  pcution  ol'  our  lines  liroken  slone  is  iis(  (l.  the  nioi-(^ 

iiiip(Utaiit  lines,  liottoin  hallast  of  1  inehe.s  ,i;au<^(i  is  first  put  dow  n,  and  upon  this 
a  top  halla-^i,  eoiKsist  ini;- of  l>asall .  limestone,  ([uartz,  or  other  liard  stone  luokeii  to 
2.^  iiiclies  .uauixo,  i.s  spread  and  ii.ielu'd  under  the  .slecper.s,  The  fsjtace.s  hetweeii  th<5 
sleepers  are  also  filled  in  and  the  surface  lightly  covered  with  l)allast.  On  lines 
where  the  trallic  is  not  he,i\  \  the  liallast  is  <j;eiierally  hard  stone  broken  to  a  2,1-incli 
{jaiiue.  and  laid  to  a  de])i  h  of  Iroiii  o  to»8  imdies  under  the  sleejx^rs,  these  latter  b(;ing 
hoxed  as  mentioned  alio\e.  Tlie  len>;th  of  line  now  open  (May  11,  18!)4)  is  as 
l'olh)Nvs : 


Equivalent 
in  .single  lino. 


Miles.  Feci 

Qua.lnii>le  line  I        8  2,  788i 

Double  lino   149  2,772" 

Single  line  ..:   2,304  1,831^ 

Total  lenglh  ol  track 


2,  637    2,  G89i 


SOUTH  AUSTRATjIA. 

Sol  ril    Ars'J'RAIdAN    (loVERNMENT  lvAlLWAA>S*    (gaui;(',       feet  W 

\\\c\\v>  .)  feet  (i  inches). — As  noted  in  Diy  orii;inal  repoit,  1^7  steel 
tics  ii;i\c  l)C('!i  laid  as  an  experiment  oil  the  broad  gan^^e  line  in  the  sta- 
tion \  aril  al  Adelaide,  wiiere  tliey  have  been  sub jected  to lieavy  tratilic. 
Mr.  A.  r>.  MoiKtricff,  eiiiiincer-in-chief,  Avritiiii^"  in  'Inly,  1894,  states 
that  the  lies  were  first  hiid  on  April  11),  1880;  taken  np  for  examination 
on  Sc])tciiibcr  1887,  after  75  weeks'  service.  They  \vere  relaid  on 
()ct<)l)er  1,  1887,  and  linally  taken  up  on  :\Iay  21),  1888,  makino-  in  all 
1()~)  weeks  tliat  the  ties  were  iiiider  trial.  Uj)  to  the  date  ol' first  exain- 
iiiiitioii  t lie  t rallie  imioiiiited  to  o,778.l!()l  tons  on  the  np  line  (1.")  ties), 
and  -,.").">  1, 14 1  tons  on  the  down  line  (12  ties),  Several  siiowed  slight 
cracks  01  Haws  at  the  rail  se;its,  and  the  majority  were  slightly  rusted.  ' 
Tliey  were  e\  ideiitly  iiisiillicieiit  ly  stilT  longit  iidiiiall\',  as  2.")  were  l)ent 
upwards  from  lh(^  rail  seiits  to  the  ends,  the  extent  ot  the  bend  being 
from  '"siiglitly"  to  three-eighths  and  three -fonrths  inch.  One  tie  was 
rejected  for  a  crack  li;i  if  tlnoiigli  the  tie,  and  was  not  iclaid,  Cp  to 
the  d;ite  of  the  second  examination  the  trallic  amoniited  to  0,28!). .")(;.> 
tons  on  tlie  ii])  line,  and  .">, 572,01  7  tons  on  the  down  line.  Only  a.  few 
more  slight  cracks  ucre  noted,  d.iid  thc  i  n>t iiig  and  l)cnding  were  altoiit 
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the  same  as  at  tbe  time  of  the  first  examiuatioD.  Two  ties  were  reported 
as  too  badly  cracked  to  be  rehiid.  The  ties  were  of  yery  light  coii- 
strnctioD,  aud  of  approximately  similar  type  to  the  narrow-gauge  ties 
in  the  same  colony  (PI.  18  of  original  report),  but  were  not  corrugated. 
They  were  8  feet  long,  loh  inches  wide  at  the  middle,  and  IG  inches  wide 
at  the  ends,  ii  tiat  flange  surrounding  the  trough  part  of  the  tie.  The 
depth  was  3  inches,  and  the  metal  Avas  n;-inch  thick.  The  cross- sec- 
tion resembled  section  1M>  on  PI.  18.  Five  types  of  rail  fastenings 
were  tried:  (A)  A  U-bolt  with  one  end  forming  a  clip  to  hold  the  outer 
rail  tlange,  the  other  end  vertical,  with  a  nut  and  clamp,  and  the  hori- 
zontal leg  within  the  tie  bent  so  that  only  the  middle  bears  against  the 
underside  of  the  top  of  the  tie.  (B)  and  (E)  Two  bolts  with  nuts  and 
clamps,  the  heads  of  the  bolts  being  inside  the  tie  and  engaging  with  a 
washer  plate.  (C)  A  U-bolt  with  horizontal  leg  and  two  vertical  ends 
with  nuts  and  clanips,  as  on  plate  IS,  (I))  Sinular  to  the  latter,  but  with 
the  leg  bent  so  that  only  the  middle  bears  against  the  tie. 

rabncrston  and  Pinr  Creel:  Udi'iraij. — On  this  nai  row  gauge  (3  feet  0 
inches)  line,  m  tiie  northern  territory  ot  the  colony,  there  are  144  miles 
of  main  track  ami  S  miles  of  sule  track  laid  with  41|-])ound  steel  rails 
and  the  steel  ties  descrilKMl  in  my  original  rei)ort.  These  ties  are  giv- 
ing entire  satislaetion  under  the  light  trallic  of  this  line.  In  Jiil.N',  1894, 
^Ir.  A.  P>.  Moncrielf  Miote  as  follows  \\\  regard  to  these  ties: 

Tlic  laving  <>l"  tlu'Sf  sleepers  was  N]ura<l  over  a  ]>cri(><l  ol  two  years,  ami  the  work 
was  et)iiii>letr(l  live  years  aj^o.  Up  tii  tlie  jiresent  tiiiu-ouly  three  sleej)cra  liave  l)e('ii 
taken  out  of  the  line,  ami  these  were  erippled  lhr()ii<j;h  l>a(l  paekiiijLiou  tlie  abutment 
of  the  l»ri(l;;e.  There  has  not  been  a  erack  <lis<  overe<l  iu  a  Kin<;fle  sleeper  yet.  The 
pirklin.!^  or  eoating  has  worn  ort  in  plaees  an<l  then^  are  patches  of  rust  appearing;, 
but  not  so  much  as  nii;,'ht  ha\  «-  been  expected  iu  view  of  the  very  hot,  moist  climate 
which  obtains  in  tin-  northern  tciritory.  The  fastenings  have  also  proved  satisfac- 
tory and  have  i^iven  no  trouble.  Von  will  have  noted  that  they  do  not  provide  for 
widening;  the  ,t;an;^e  on  curves,  but  ni  the  particular  case  in  which  we  use»ltbem  this 
was  not  found  necessary.  There  is  certainly  more  trouble  in  lining  up  the  road 
with  these  sh-epers  than  with  wooden  ones,  as  the  ballast  gets  set  liard  in  the  hol- 
low bottom  of  the  sleepers  ami  has  to  be  broken  away  before  a  new  bed  can  be  made. 
But,  on  the  other  hand,  the  steel  sleepers  have  a  nmch  better  hold  on  the  ballast 
ami,  when  once  properly  lined  np,  with  li^^ht  trafhc  there  is  very  little  shiftin<;. 

The  best  ballast  for  use  with  sleepers  of  this  shape  is  a  very  sandy  gravel  for  bot- 
tom ballast,  and  a  coarse  gravel  or  broken  stone  for  the  top  ballast.  The  traveling 
over  these  steel  sleepers  is  certainly  more  noisy  than  with  wooden  ones,  but  it  is 
reported  that  it  does  not  cause  any  inconvenience.  At  lirst  the  maintenance  of  the 
line  was  more  costly  in  the  wet  season  than  in  the  <lry,  but  now  that  the  banks  are 
set  there  is  no  appn'ciable  difference.  As  far  as  the  bending  of  the  sleepers  is  con- 
cerned, this  can  only  arise  in  case  of  the  ground  being  softer  under  one  rail  than 
under  the  other,  but  wo  have  ha<l  no  experience  of  such  a  state  of  affairs.  W  e  had 
some  heavy  washouts  in  1891,  l)ut  found  that  the  steel  sleepers  were  very  easy  to 
handle.  As  will  be  seen  from  the  drawing  (PI.  18),  they  are  so  light  that  they  had 
not  even  to  be  removed  from  the  rails.  The  fishplates  were  taken  off  and  the  rails 
and  sleepers  were  moved  in  sections.  I  have  had  a  large  experience  in  dealing  with 
washaways  with  wooden  sleepers,  aud,  as  a  rule,  no  such  arrangement  as  this  is  pos- 
sible, so  that  in  the  use  of  steel  sleepers  under  these  circumstances  there  is  a  very 
decided  advantage, 
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rructicillly  w  <■  li:i\r  Ii.mI  iw  H'Im-w  :i  Is.  ll  i>  I  li.  kIoiv  i  iii|M.ssi  l.l.'  to  say  wliat  will 
1)0  the  avrraji*'  lit.-  .n.h  <,{'  llicsr  lij^lit  sl.-d  slr.pns.  ll  i  s  ;n  1  n,  1 1  i  rd  liial  I  lie  Ma  I  lie 
has  ln't-n  li,iilit.  ami  .  v.  m  with  thf  mati-rial  for  coiisi ni-  i  kui  which  was  canird  over 
tlu^  liist  part  ol'  thr  liiif.  it  is  calcnlatt'il  thai  not  iiiori-thaii  iL'o.oiiotons  liavi'  passinl 
ovir  any        joint  siiu'o  tlu<  opfiiiiiLi  oT  tin-  lini'.  will  1  ln-iTtor»s  .s('(»  t  hat  upon 

the  very  important  i)oint  of  tin*  lifr  of  ih.'  >Ii-t  )M  is  1  am  nni  .il.lc  to  speak  positively. 

Aloimsitlr  I  lifsc  sicfl  slccpi'rs  \\  r  iiscil  I  i  1 1 1 1  >c  i' on  l»riilL^<'-<,  ami  iiiidri-  a  1 1  s  w  i  tciuiS 
and  crossiuLis.  Thr  t  imin-r  iis.-d  i>  di  irily  jarrali.  A  la i  l;c  n  ii  mln  r  < d'  t  Ih-sc  wooden 
slre])ers  ha\('  alrcad\  fa  i  Icil.  many  haviiii;  jx'rished  fiom  what  i>  known  as  "wet 
rot  ."■  'The  annual  l  a  in  fall  in  t  lie  noi-l  hern  t  crri  I  ory  is  a hont  i n(dii  s.  i'lic  comiiI  ry 
is  also  infest  fd  w  it  h  while  ants,  so  that  if  the  line  had  he.Mi  la  id  w  i  I  h  wooden  sl.'('|)- 
er^,  even  ot"  our  Nph'ndid  hardwood  timher.  i t  is  ex (•••ed i n - 1  \-  lik(d\  that  dni  in^  lhe 
numhci ot'  \  car-  which  ha \  e  (da psed  si  ncr  I  he  com menceiiieii t  (d"  I  he  work  t  lie  w  hole 
line  mil">t  ha  \ c  h«  en  resleepered. 

A  I(  TOKIA. 

VicTOKiA  (1(>vi:knmi:nt  IxAilways  (gaiij>e,  i'wt  :>  iiiclios  and  3 
Icct  <i  iiiclics). — As  the  tbiesls  of  tliis  colony  fiuiiisli  a  practically 
iniliiiiittMl  siijiply  ot  liiiih  class  timber,  metal  ties  ot  any  kind  have  not 
IxMMi  nsed,an(l  nearly  all  the  railways  are  laid  with  ties  of  j^rey  box, 
r(Ml  ironbark,  or  red  gum,  as  shown  by  the  following  statement  pre- 
)>ared  from  iiiforiiiatioii  sent  to  me  in  May,  18m,  by  Mr.  T.  llennick, 
eiiiiiiiccr  in  chiel': 

(ireybox  {Encalyptux pohjaviliema)  \  life,  27  ycav>-;,  Iv'ed  iroiihark  ( /•.'iit  <(Ji/pl iis  j)0)ii- 
ciihild);  life,  25  years.  Red  «;nm  (  h'ural  mil  its  rosf  rata) ;  life,  18  years.  I'i  s  of  these 
woods  cost  from  60  cents  to +1.20  ea(  h.  lUne-iium  and  Messmate  ties  {EncdljiplHS 
{llohuJitfi  and  JCitcaJi/ptus  oh1i(fii(i)  have  been  nsed  in  a  few  instances,  Lnt  have  not 
proved  satisfactory.  Their  life  is.')  to  12  years,  and  their  cost  is  10  cents  to  85  cents 
each. 

The  Melhonine  .and  sultnrh.m  lines,  with  two  to  four  tracks,  have  ties  of  the  first 
three  timhers.  10  l»y  5  inches  section,  9  feet  long,  the  intermediate  ties  s])aced3  feet 
a])art  and  the  joint  ties  2  feet  ajjart.  Steel  j  or  Hangc  rails,  w<!i.<;liini;-  75,  80  and  100 
l)ounds  per  yar<l,  are  tise(l.  The  ballast  is  8  to  10  inches  thick  under  the  ties,  boxed 
nj)  to  12  to  11  inches.  The  hea\'y  main  country  lines,  with  two  tracks,  have  similar 
ties  and  ballast,  bnt  with  75  and  80  pound  steel  j-rails  and  75  and  80  pound  iron  and 
steel  bull-lieaded  rails.  Single  track,  main  and  branch  lines,  have  similar  ties,  some, 
however,  being  9  by  4i  inches,  9  feet  long,  and  others  9  by  5  inches  ami  10  ftjet  long. 
T!ie  ballast  is  6  to  10  inches  thick  under  the  ties,  boxed  up  to  12  to  14  inches. 
Kails  weighing  50  ])ounds  ])er  yard  were  tried  for  the  country  lines,  but  have  been 
ri-jtlaced  with  O0-])ound  or  heavier  rails.  Tin;  rolling  stock  includes  cars  with  the 
I'.uropeau  system  of  four  or  six  wiieels  atid  a  rigid  wheel-base,  and  also  cars  with  the 
American  system  of  trucks  or  bogies."'  The  former  weigh  from  i  tons,  with  4 
wheels  and  7  tons  cai)acity,  to  12  tons  for  a  six-whe)  1  ]tassenger  car  with  seats  lor 
40  passengers.  The  latter  weigh  from  10  tons  for  a  car  of  15  tons  capacity  on  four- 
wheel  trucks,  to  32  tons  for  corridor  cars  with  six-w  heel  t  ru(  ks  and  seating  70  ])ersous. 


Section  4. — ASIA. 


ixnrA. 

General  iiE:\iAiM\s. —  In  India  metal  track  is  used  to  a  Aery  iiiucli 
greater  extent  tlian  in  any  other  conntrx  .  neai  ly  50  i)er  cent  ol'  the 
railway  mileage  l)ein<^-  laid  with  such  track,  wliile  tlie  perceutaiic  shows 
a  stead}'  increase,  due  to  the  rei>hicin.i>-  of  wooden  ties  with  inetak  The 
earliest  ibrnis  were  the  cast-iron  bowls  or  pots  used  in  Scind,  and  these 
made  a  smooth  and  excellent  track  in  sand  ballast  and  under  slow  speed 
trains,  but  with  the  increase  iu  speed  the  breakage  of  the  bowls  increased 
considerably.  Sonie  of  the  main  lines,  however,  still  use  ties  of  this 
type,  having-  iinproved  the  desi«>n  of  the  bowls  so  that  they  are  found 
to  be  very  satisfactory  under  modern  conditions  of  train  service.  The 
tlat-bottonuMl  cast  iron  i)late  ties  of  the  I )eidiain-()li)herts  i)attern  are 
also  found  to  be  fir  more  satisfactory  than  mi^lit  be  supposed,  and  are 
practieall}'  indest  met  il»le.  while  rust  or  coriosion,  of  course,  do  not 
affect  cast  iron  to  any  appreiMable  extent.  With  tie;  of  this  type, 
however  (i.  e.,  a  pair  of  bowls  or  plates  connected  by  a  tie  rod),  ^reat 
care  must  be  exercised  in  himpin<;"  so  as  to  <j:<A.  b(>th  bowls  or  plates 
e(pially  well  supi)orted,  as  otherwise  a  distortion  of  the  tie  rod  or  frac- 
ture of  one  of  the  cast-iron  pieces  is  likely  to  result.  The  stamped 
feteel  trough  ties  of  the  Ilendel  type  (known  in  1  ndia  as  th(^  pea-pod  type) 
have  been  very  extensively  used  and  with  success,  the  fastenings 
especially  being  simple  and  ellicient.  riui  ])i-incii)al  objection  appears 
to  be  their  liability  to  rust  or  corrode,  particularly  in  salty  soils,  which 
may  seriously  affect  the  life  of  thin,  light  ties  used  on  the  less  important 
railways.  Large  numbers  of  the  cast-iron  ties  are  made  in  India,  but 
all  the  steel  ties  are  imported,  mainly,  if  not  exclusively,  from  England. 

As  a  proof  of  the  extensive  and  continued  use  of  metal  ties  and  of 
the  commercial  im[)ortance  of  their  manufacture,  I  give  the  following 
partial  list  of  additional  contracts  awarded  since  the  date  of  my  original 
report,  i)reniising,  however,  that  it  is  very  far  from  complete  and 
merely  serves  as  an  indication  of  th(i  extensive  use  of  such  ties: 

Bengal  Provincial  Raihray. — Steel  ties  and  3()-]M)und  T-rails,  Feb- 
ruary 28, 1893. 

Great  Indian  Pfnimnlar  Raihcaij. — Oast-iron  ties.  November  10, 1803. 
Indian  Midland  Railway. — Cast-iron  ties  with  tie  bars,  gibs,  cotters, 
pins,  and  felt  resting  pieces  for  the  rails  September  20,  1804. 
86 
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JntJuin  Sfiifr  !itt{lir((i/s. — StiM-l  tics,  I'd  »ni:i  r>  1 .  I  S'.li' :  ( )(i  <  »l  mi- .*;  1  :iih1 
I  )c(finl)('r  L'S.  IS!);;:  .laiiiiary  !>,  (!),()()(M  oiishi  iid  .M;i\-  S,  \s\)\.  ( 'iisl -iion 
tic.  Miiivli   I.  IS!l-_'.  April   17.  1S!M.     'I'ic  l);irs.  -ilts.  ;mm]  (m.Kcis 

l\'l)iuar\  L',  IS'.L'. 

Mtdhds  h'tdhrdi/. — Cast  iioii  pot  lies,  tic  l)ars.  uilts.  and  colters, 
October!'."..  ISlll:  cast  iron  pol  tics.  Ma\  is.  l.s!).;. 

South  /ii<li<(n  lid il Hua/.—Sivvl  tics,  witli  keys,  ;{i;,()(M),  ( )(',t(»l)cr  (I,  ISOl. 
Cast  iron  pot  tics,  L',:)S7  tons,  lMd)rnary     1S!)L>;  L>,SH;  tons,  :May 'J.  ls<):}. 

Soiilhrni  Md/iralhf  L'nil/rdi/. — Steel  ties,  1 S. <)()()  for  |Ij  poniM]  "|^l•ails, 
No\  «'inl)ci' "JS.  |S<.i;;;  .■)."),">  tons.  Dcccinlx-i'  LM),  lS!i;;;  I.l'.'.L*  ions,  .iainiarx' 
'.».  IS!)  I. 

Siimiiiit ri/  (ti  )iiil<  iiii<  <>l  nil  liil  lidi  k  in  India. 


AmiaKtr  

J{t  ii^;il iuu\  N.-ifipur  

Iti  iiiial  Proviiiciul   

r.f/.wiula  Kxtt-nsiou  

151ia\  nairar-rorliaiular  

r.ina  ( liiiia  

I'.nmliav,  Har<Mla  aiiil'Ccntral  India  

Cal.ntta  Tort*  

(  Ih  i  ra  ( 'i>ni]ian\  ::aiii '   

n.  llii,  rnil.alla  an.l  KalUa  

Plioiid  Maimtad   

KasI  ( 'oast  

Kast  Iiiilian  

l-.astorn  lU-iical  

(lartiwar  s  ^ft'hsanu  

( ;ai  k\var  a  I'i'tlad  

<  ;<ifllira  i;  tit  lain  

I  In  at  jiidiaii  ri  niusular    

iiiiliaii  Miillaiul  

1  iidian  Staff  


.l.MihiM.r.i  I'.i.  kan.-<T.. 

■Tnrl.at  

K  liaiiii:aon  

Koiliapiir  

Madias  

Mcivi   

Mii>lil<afHolaii  

Mvsoio  (lolutield.s  

>.  izain  s  

Nortliwf  stern  

( )iidi>  and  Ktdiilkuud  . 

rmidirhcry  

lla.jpiifaiia  Malwa*. . . 

Siiiilii  Indian  

SuiillHTn  Maliratta... 


Total  for  1894. 
Total  lor  1890. 


Datool 
n'p«irt. 


1890 
1.S94 
1894 
]8m 
1893 
1893 
1894 
1890 
1890 
1894 
1890 
1K94 
1894 
1894 
1893 
1893 
1894 
1894 
1894 
1894 
1893 
1890 
1890 
1893 
1894 
1890 
1894 
1893 
1893 
1893 
1893 
1893 
1890 
1894 
1893 


Denliaiii- 
Olpluirts 
])lat(i8. 


sales. 


1,350 
135 


40 
360 


l)i>wls. 


Miles. 


12' 


113 
21 


1,032 
500 
'225 


Steel    I  Total 
track. 


Mil' 


862  I 
30 

100 
691 
731 


160 


24 
52i 

lUO 


830 


10 
62 
40 
675 


638 


2,514 
1.714^ 


5,00U 
3.  958" 


50 

2,1131 
300 

.  3 


29 


35 


348 
620 


MiUs. 
5i 
862 
30 
100 
fi9i 
73i 
165i 
12 
7i 
162' 
145 
160 
1,463 
1 190 
52i 
13i 
100 
1.632 
590 
2, 698i 
300 
3 

n 

29 
830- 
90 
65 
10 
330 
1.046 
710 

1,033 
620 


6.029A  13.6.55 
3,9124  9,224i 


*  Tliesp  fi«;ure.s  are  taken  from  the  former  report. 

t'I'lic  total  for  tlic  Hast«Tii  Ben«ral  Kailway  includes  lo  miles  of  miscrllaneons  metal  ties. 


AONLA.  AND  BCDAOX  IiAILWAY  (jiail.ljc,  ."")  feet  d  iiiclics). — This  is  a 
])roJcctc(l  line  1!)  miles Ioii^l;-,  loriiii  11  <>•  a  brancli  ol"  tlic  Oiidli  and  IJoliil- 
kiind  Ivaihvay.  It  is  i)roi)oscd  to  lay  itwitli  new  steel  OO-pound  rails  on 
steel  troiiiili  ties,  or  with  second  iiaiul  steel  GO-])oiind  rails  on  wron<;ht- 
iron  saddle  ties  taken  out  in  renewals  on  the  main  line.  The  cost  in 
the  former  case  is  estimated  at  820,500  per  mile. 

Bengal  and  Nagpcr  Rait^w.w*  ffian •;•(',  5  feet  0  inches). — This 
road  has  now  862  miles  laid  with  the  Kendel  steel  ties,  and  .Air.  T.  R. 
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Wynne,  cliief  eugineer,  wrote  me  iu  ^lay,  18IM,  that  lie  liad  nothing 
further  to  state  about  tliese  ties  beyond  the  information  given  in  my 
original  report,  as  the  line  was  only  opened  in  ISOl.  and  he  has  not  yet 
had  sufhcient  experience  to  say  Arhether  the  ties  Avill  have  a  long  life. 
The  75-pound  steel  T  rails  on  steel  ties  make  a  very  excellent  and 
smooth-running  track,  wliich  is  easily  maintained.  There  are  i\o  cast- 
iron  or  bowl  ties  on  the  road.  An  interesting  work  carried  out  in 
1S8S  was  the  change  from  the  meter  gauge  to  the  Indian  standard 
gauge  of  o  feet  0  inches,  and  as  the  work  involved  operations  in  the 
handling  of  metal  ties  which  may  occur  under  other  conditions,  I  give 
the  following  abstract  of  a  description  by  Mr.  George  Moyle  in  a  paper 
presented  to  the  Institution  of  Civil  Engineers  in  1801: 

The  mctei-uau^r  line  was  laid  tlir()ng:hout  Avitli  ilat-footcd  or  T-rails,  wei<>lniig  40 
pounds  jior  yard,  on  -svoodcu  cross  sloci)or,s  o  feet  long;  tlie  new  standard-gauge  per- 
manent \ray  consisted  of  steel  tlat-looted  rails  -vveiglnng  75  ])ounds  per  yard  on  steel 
sleepers  of  tli«'  inverted  trough  pattern,  Avith  lugs  punched  out  of  them  under  which 
the  foot  of  each  rail  was  held  hy  steel  keys  tai)ered  and  sjdit.  These  sleepers,  which 
weighed  ahout  120])ounds  each,  were,  for  the  ])ur])oscof  conversion  of  gauge,  manu- 
factured with  four  i)airs  of  lugs  each,  the  otitsidii  ])airs  to  hold  the  75-pound  and  the 
inside]»airs  to  hold  the  40-]»oun<l  rails.  A  mixed-gauge  line,  consisting  of  four  rails, 
was  thus  easily  laid;  hut,  iu  conseiiuence  of  the  steel  sleepers  heing  spaced  n  yard 
apart  throughout  to  suit  the  standard  gauge,  the  nuitcr-gauge  line,  which  required  to 
he  supported  at  intervals  of  2  feet  at  the  Joints  and  2  feet  1)  inches  apart  elsewhere, 
could  not  he  maintain<'d  in  the  hest  order  for  the  running  of  meter-gauge  trains.  At 
the  rail  joints  of  tlie  meter-gauge  line,  which  were  not  evenly  sui)ported  hetween 
thesteel  sleepers  in  consquence  of  the  40-i)ound  rails  l)eing  24  feet  long  Avhile  the 
75-pound  rails  were  HO  feet  long,  it  was  found  necessary  to  lay  some  of  the  old  wooden 
sleepers.  ^Vherever  diversions  were  nc'cessary  at  hridgo  operations,  the  wooden 
sleepers  which  had  heen  removed  frnin  the  (dd  line,  an<l  the  75-ponnd  rails  tempo- 
rarily idle  in  th<^  mixed  line  were  made  use  of.  There  were  altogether  02  diversions  of 
a  total  length  of  IS  miles,  all  the  more  important  of  which  were  opened  hy  the  mi<ldle 
of  Fehruary,  18X8,  It  is  satisfactory  to  he  ahle  to  state  that,  although  as  manj^  as 
twelve  an«l  fourteen  trains  passed  over  tin;  line  in  a  day,  no  accidents,  and  only  a  few 
detentions  were  due  to  track-laying  ojierations.  The  new  ]>ermanent  way  materials 
were  distrihuted  ah)ng  the  line  l)y  meter-gauge  trains,  so  that  everj'thiug  was  ready 
to  hand  for  carrying  out  the  operation  of  laying  described  1)eh)w.  The  inspector  in 
charge  at  a  ''rail  head,"  who  was  kejit  advised  of  the  running  of  trains  hy  the  near- 
est station  master,  usually  hroke  the  line  directly  atraiu  had  iiassed;as  much  of  the 
meter-gauge  as  it  was  considered  jiossihle  to  relay  before  the  next  one  was  likely  to 
arrive  was  at  once  dismantled,  the  ballast  having  been  previously  opened  out  and 
roughly  leveled,  the  spikes  and  fish  bolts- loosened;  meter-gauge  rails  unlinked  at 
every  fourth  joint  were  merely  pitched  to  either  side  so  as  to  be  clear  of  the  new  sleep- 
ers, while  sleepers  and  small  fastenings  were  thrown  out  clear  of  formation  level.  As 
fast  as  the  metre-gauge  material  was  reuujved,  steel  sleepers  were  laid  down,  spaced, 
and  lined  true  to  the  lugs  by  knotted  cords.  A  gang  of  men  followed,  forcing  the 
75-pound  rails  to  their  seats  and  linking  them,  and  behind  them  came  others  doing  the 
same  with  the  40-pound  rails.  As  soon  as  a  pair  of  75-])ound  rails  were  laiil  iu  the 
seats  and  linked  in,  chalk  marks  were  made  along  each  rail  to  show  the  exact  position 
of  the  sleepers,  which  were  then  adjusted  by  pinch  bars,  and  fixed  by  driving  the 
steel  keys  under  the  lugs.  Finally,  the  keys  for  the  meter-gauge  rails  were  driven  in, 
and  the  line  roughly  lifted  and  ])acked  ready  for  the  next  train.  There  was  a  good 
reason  for  laying  the  75-pound  or  outside  rails  first.  To  get  arail  to  drop  into  its  ten 
seats,  all  the  sleepers  had  to  be  simultaneously  held  u])  by  ]>inch  bars  to  one  level, 
and  to  be  at  the  same  time  iu  one  line;  and  this  was  easily  done  with  the  75-i)ound  or 
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ontsido  rails  by  thf  aid  (»f  a  simitlc  cnutriN  am  r  iii.kIc  oI  khiihI  iron  ti vr-ci<;lil  lis  incli 
diaiiu'ttT,  soiiirw  liat  siinilar  to  tin-  liamllr  nt  okIiilh  v  Inn  ivt  l,  llu  t  inls  nl  w  Inch 
t'lawrd  tli»' sides  of  t lie  sltcpcr,  w  hile  tiio  niidd h- siTvcd  as  a  I'liifi  um  lor  the  (•i'o\vl>ar 
iis»mI  to  force  t  111"  rail  down.  When  the  7.")-poiiiid  mils  were  sc;i(ed  there  was  no  ditli- 
(  ulty  W'hatt'Vei-  111  i;tMIini;  the  Id  ]Miiin(l  lails  into  pl.ice.  thr  lexciM-  was  hy  no 

iiii'ajis  the  case.      The  anioiiiit  ol'  Ia\in^  which  coiihl  he  done  in  a  wdrkin^  day 
.  pendcd  ent  lit  l\  iipoii  the  niniiiiiuol   ti-ains.  Itiit  the  a\(>raL:c  |tro^re-s  wasaltoiit 
le  halt  mile  per  da\  .    (  >n  I  w  o  or  three  occasions  1  ',  iiiiles  wen-  laid  in  oiii*  day  at  one 
I  ail  heail."   Three  hours  w  as  nsnallx  t  he  longest  ]tci  iod  diii  inj;  which  tlie  track  eoukl 
11  main  oi  oken.     I  lu'  cost  of  l.iy  iiii;  t  lie  nii\<  (l  iiaiinc  iiu  liidiiii;  the  rei?io  \  al  (d'  the  old 
rails.  Init  c\clnsi\-.'  of  carnau,e  and  d  ist  ri  l>ii  t  ion  of  niatcn.il  and  rmi^lied  toppiii'.;  of 
the  line,  was  ahoiit  11  cents  pci'  yard,  while  the  cost  i ncl iid i ii^  a  1 1  idiaincs  was  2").^ 
cents  per  yard. 

r>i:N(;  A!.  AM)  NoK  I'liw  i:sTi:uN  I^\II.^^  AY  (<ian«io, Icot  .'V^  inches). — 
( >ii  tills  roiid  ;»re  usimI  soiiu'  ol'  the  iiiiproved  cast-iron  ])hite  tics  desi<;'iied 
hy  Mr.  (Icor^'c  I'..  Moore,  (h'i)iity  coiisulti eii.iiiiieer  of  railways, 
and  these  ha\-e  been  favoral)ly  reported  nixiii  l)y  Mr.  Izat,  tlie  chief 
eni:iiieer.  The  tie  is  described  further  on.  The  Tirlioof  section  (for- 
merly the  Tirhoot  Railway)  is  hiid  with  ])ciihain-()lplierts  and  Dcn- 
hain  east-it  on  ])late  ties,  and  also  with  sal  and  deodar  timber  ties.  On 
other  seel  ions  wooden  tiesof  sal,  pyiikado.  and  creosoted  pine  are  used- 

BenCtAl  Pi:()Vl^'(  I  al  Railway  (<ianiie,  -  feet  6  inches). — This  is 
a  liuht  railway  between  Tarkessur  and  JMaiiia,  on  the  Kast  Indian  Kail- 
wa.\ .  and  is  intended  for  local  traflic.  It  is  laid  with  30-pound  T-rails  on 
stetd  ties,  cont  racts  for  wliich  wei  e  j^laeed  in  I'^ebrnary,  1893.  The  ties 
are  spaced  2  feet  11  inches  apart,  center  to  center,  and  are  bedded  in  0 
inches  (d'  fine  l)allast  under  the  ties.  The  railway  (or  steam  tramway) 
is  .",(11  miles  loiin.  The  engines  wei^ii  10.]  tons,  and  have  a  rigid  wheel 
base  of  3  feet  0  inches,  while  the  tenders  weigh  o  tons.  The  cars  are 
carried  on  fonr-wheel  trucks  or  ^'bogies." 

r>i;/\\  ADA  KxTETs'Sif)N  RAILWAY  (gauge,  5  feet  0  inches). — This  is 
a  new  line.  llL'.;^  miles  long,  running  through  an  open  and  fairly  level 
cniiiitr.N  .  mainly  com])Osed  of  black  cotton  soil.  It  is  single  track  with 
(Ki'i  ixmiid  steel  T  rails  on  the  Jlendel  or  "pea-pod"  steel  ties.  This 
line  iiK  hides  the  lit'zwada-Godaveri  section  of  the  East  Coast  llailway, 
in  miles,  laid  with  7.")  ])ound  T  rails  on  steel  and  wooden  ties,  in  ballast 
of  stone,  sand.  gia\(d.  and  mooriim. 

JjIlAVXACiAK,  (iOM)AL,  Jl  XAGAKII    AND    PounAXDAR  RAILWAY* 

(gauge.  feet  '.V\[  iiudies). — The  Dhoraji-Porbandar  section,  OOJ  miles 
Inng.  has  been  laid  with  1 1  ',-])onnd  steel  T-rails  on  steel  ties.  Creosoted 
])ine  is  used  on  the  other  sec-tions. 

liiNA-GuNA  Railway  (gauge,  T)  feet  0  inches). — Work  was  com- 
menced on  this  line,  ~:\.\  miles  long,  in  ISOU.  The  track  is  of  7.")-poun(l  steel 
rails  on  steel  ties.    The  line  is  worked  hy  the  Indian  .Midland  Railway. 

P>OMnAY,  P.AKoDA.  AM)  CENTRAL  In'dta  RAILWAY*  (gauge,  5  feet  6 
inches). — The  tbllowing  statement  was  sent  me  in  .Inne.  ISOl,  by  Mr. 
II.  J.  P>.  Ilargrave,  chief  engineer : 

On  our  main  line  iVom  C'olaha  to  Wiidhwan  a  continuous  length  of  IBoA  miles  of 
road  north  of  l'>r()a(  li  has  hcen  l.iid  on  iron  Itowl  or  ])ot  sleepers     They  are  also  laid 
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on  a  length  of  17  miles  south  of  Broach,  but  there  they  are  intermixed  with  wooden 
sleepers  and  are  on  ditferent  sections.  Points  and  crossings  are  invariably  laid  on 
wooden  (creosoted  pine  or  teak)  sleepers.  The  life  of  the  creosoted  pine  sleepers 
would  seem  to  be  about  eight  years,  and  of  the  cast-iron  pots  about  fifteen  years. 
For  my  own  part  I  prefer  the  timber  cross-sleeper  road.  It  is  much  softer  to  work 
over  and  in  case  of  derailment  there  is  not  so  much  damage  done  as  on  the  cast-iron 
pot  road.  The  whole  thing  hinges  on  the  price  of  pine  sleepers,  which  at  present  cost 
2,  3,  and  5  rupees  each  (45  cents  to  $1.12).  At  this  rate  one  road  is  as  cheap  as  the 
other  to  maintain,  and  the  initial  cost  is  less  for  the  wood.  As  to  steel  cross  sleepers 
our  experience  is  only  just  commencing.  We  have  about  100  miles  laid  with  them 
on  the  Godhra-Rutlam  Railway,  but  can  not  say  how  long  they  will  last. 

Bfrma  State  Railway*  (gan«ie,  3  feet  3=^  iiiclies).— Tn  my  lormer 
report  it  wa.s  stated  tliat  steel  tics  had  been  experimented  witli,  and 
since  then  it  has  been  stated  in  some  of  the  enuireerin^i'  papers  that 
in  1S!)1  the  Prome  line  wa>^  relaid  and  the  Indian  pattern  of  steel  tie 
snbtitnted  for  the  wooden  ties,  ('xcei)t  at  switches  and  fro«s.  Mr. 
Charles  A.  Bull,  engineer  in  chief,  wrote  mc.  however,  in  April,  1894, 
to  the  ertcct  that  the  railways  in  linrma  arc  entirely  laid  with  wooden 
tics,  and  tliat  there  is  at  i)resent  no  talk  of  introducing  metal  ties, 
tiiid)er  being  V(M\- almndant.  Tlic  ( iovernmciit  report  for  1893  gives 
tlie  track  as  of  40,  41],  and  50  i)ound  rails  on  tics  of  pynkado  wood, 
while  teak.  ])ynkado.  ingyin.  and  theya  are  used  on  the  Mu  Valley 
line,  whicli  is  iiidcpeiidciit  ol  the  Mu  \';ille\'  K*ail\v;iy. 

Delhi.  UMiiALL.v  and  Ivalka  Kailwa\  *  (gang*',  5  feet  0  inches). — 
This  railway  is  IdL'  miles  long,  and  the  track  is  laid  with  Denham 
()ll)herts  cast  iron  plate  ties,  as  used  on  the  Kast  Indian  liailway,  with 
1,931)  ties  per  mile,  or  11  ties  to  a  rail  length  of  30  feet.  The  rails 
are  of  donble-hcadcd  section,  weighing  7.")  ])ounds  \>vv  yard.  I  am 
indebted  to  Mi.  William  Duff  Hrnce,  consulting  engineer,  for  state 
ments  of  the  cost  of  material  and  completed  tiack,  and,  also,  for  a 
statement  of  the  cost  of  maintenance  of  such  track.  i)repared  by  Mr. 
Denham,  one  of  the  inventors  of  these  ties,  the  latter  statement  bemo- 


given  further  on. 


Materiah  and  cost  i>er  mile  of  s'niyh-  track. 


liails.  "■)  pouiid.<^  per  yard  

.Sjilice  plates  (10  per  cent  for  2.3-f«xjt  rail.s) 

Splice  t)f»lts  and  mils  

Tii-9  (2  ](late.<)  to  each)  

Ti.-  hara  

Keys  and  cotters,  each  


Total  material-.  

Freight  and  insurance  to  India. 


Cost  delivere<l  

Carnafje  to  Delhi  or  Umballa  

Carriage  to  site  of  works  (-10  miles  haul) . 

Loading  and  unloading  

Traoklaying    


Total  cost  per  mile  of  track  complete. 


Number. 


2, 160 
1.930 
1.936 
3,  872 


Tons.     Price.   Total  cost 


117.86  $20.94 
7.40  '  20. 2.5 


1.84 
188. 41 
19.8.5 


338.  80 
338.  80 


61.7.5 
17.25 
30.00 
67.25 


3.3K.  80  ;  6. 16 
338.80  1  .01 
  0. 166 


$2,  467.  98 
194. 2.5 
113.  62 
3.  2.50.  07 
595.  50 
2:J1.  54 


6.  852.  96 
1.897.28 


8,  750.  24 
2.  087.  00 

135.  52 
50.24 

293.  33 

11.. 322.  33 


'*  Pairs. 
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1'  A  SI'  ( '()  \si"  K  Aii.w  \  V  f  iiiiULiC  .")  lc(M  (■'  iiiclicsi. — Tliis  is  a  new  railway 
w  1 1  id  I  will  cMciid  iVom  Im'/w  ada  In  near  ( 'ill  tack,  alxail  miles,  and 
will  «'  \  «'iit  iiall>  tor  III  a  coast  route  het  w  ccii  Madras  and  ( 'a  hail  t  a,  al>oiit 
•  KM)  miles.  \Sif  r>e/wada  l^xtensioii  L'ailway.)  'I'lie  re|)oil  of  the 
directni- n'eiieral  of  ra i I w  a.\'s  for  t  he  \ cai' eiidiiii:-  .March  .11,  IS'.i;;,  statecl 
(hat  there  are  iio^rcat  eii^iiieeriiiu'  dilVnailt  ies  to  he  eiicoiint  ered.  and 
that  the  track  would  he  of  7o  p.niiid  T  rails,  hax  iiiu  ahoiit  .">(M)  miles 
on  st<'(d  ties  ami  L'OO  miles  on  wooihai  ties,  in  danuai'.\.  IS!).".,  it  was 
staled  l»\  the  Indian  i)ap(as  t  hat  w  Inai  t  luM'oirsnlt  inii  eiiuineei'  ( to  t  he 
( io\ ciaimeiil  of  India  -  for  state  railways  was  iirsjx'ctiiiu  the  woiks  he, 
('\|tressed  the  opinion  that  the  ties  (Hi  t  hose  sect  ions  of  1  he  line  t  hat 
hordercd  the  coast  should  he  of  wood  and  m>l  of  steel,  as  flic,  latter 
were  likely  to  corrode  and  render  the  ex])eiises  in  tlie  end  more  heavy 
than  t  hose  of  wood.  Al)ont  half  a  mile  of  the  tmck  near  t he  ( 'oeaiiada 
coast  was  laid  w  ith  steel  ties,  but  (so  it  w  as  said)  tliey  were  eoiidemned 
l»y  the  en.Liineer  in  (diief,  while  the  (Toverument  was  alsof  said  to  have 
oideicd  that  ereosoted  i)iiie  ties  shoukl  be  laid  on  all  i)arts  of  the  line 
near  the  coast. 

In  A])ril.  IS!)  I,  I  received  from  Mr.  James  \\.  liell,  eni^ineer  in  (diief, 
the  following"  letter,  which  is  of  particular  interest  as  '•iving  reliable 
information  on  the  important  question  of  corrosion  of  steel  ties: 

'fills  line  (l(>(>s  not  as  yet  aiVord  any  volialdfi  st  itisticnl  information  on  tiu;  vexed 
(|iicstion  ol"  tin-  (lmal>ilir\  of  iiictal  sleepers.  We  lia\-e  now  al)ont  820  miles  of 
ira(l<.  al)oiit  lialf  of  which  is  laid  with  i;i")-])onn<l  K'endid  steel  sleepers  dipped  hot  in 
tav.  Pietwcen  8\vani])s,  laifoons,  ini^ation  "tanks"'  (i.  e.,  hir,<;e  shallow  eml)anked 
reservoirs),  and  ]»addv  fields,  ami  allected  l)y  two  monsoons,  two-thirds  of  the  line 
is  ill  an  a  in  pli  iliioiis  cond  i  I  ion  lor  nine  months  in  the  year,  and  it  is  <ienerally  recog- 
nized that  the  introdnci  ion  of  any  th in  metahslecpers  here  eonld  only  he  jnstilicid  by 
an  nr^eney  that  hii  no  lime  to  ]»rocnre  timl)er.  The  sloi)i)y  "  hhu  k-cotton "  soil 
eml)anknu'nts  en<;nlf  enormous  (piantities  of  ballast,  and  the  road  stands  on  a  clay- 
like eompost.  like  doiinh  when  wet  and  like  rock  when  dry,  so  that  sharp-edged 
sleepers  with  small  ])earing  areas  arc  partienlarly  nnsnitable  to  this  enx  ironnumt. 

I  suspect  that  the  sleepers  said  to  have  corroded  did  so  while  still  stacked  on  the 
sea  beaehes  where  they  were  lauded,  for  I  know  as  yet  of  no  actual  failures  of 
slecjiers  under  tralilic,  and  indeed  our  iirst  100  miles  have  onlj' been  opened  fourteen 
months  and  tlie  icst  a  bait;  eight  months.  The  gauge  of  tin;  line  is  .")  feet  6  inches ; 
rai  Is.  7.')-])oiind  \  i'^nolc  (  oi  T ) :  11  ties  to  IJO yards.  The  ballast.  \\  licvc  ol'sl one.  shingle, 
or  saini.  is  u,(iod  ;  l>ni  inooiiini  (a  I<ind  of  clay  conglomerate  ^  is  wliolly  bad.  The 
tralbc  is  as  yet  v«!rv  ligbt,  not  over  \  trains  a  day  on  an  average,  flic  engines  weigh 
IMI  tons  with  8-wlieeled  tenders,  an<l  their  heaviest  axhr  load  purjjorts  to  be  10.85  tons, 
but  ispr(d>ablv  more,  from  exi)erience  elsewhere,  lay  all  salty  lengths  with  tim- 
ber slee])ers,  and  expert  that  cast-iron  ''])]atcs'"  (not  pots  or  domes)  will  be  better 
than  troughs,  but  not  sf)  good  as  wood  nntil  al'lcr  the  earth  walls  arc  entiiidy  con- 
solidated. 

Kast  Indian  Rait.wav*  fgau,i;e,  feet  0  inches). — This  road,  as 
noteil  in  my  ori^jinal  report ,  has  ado[)ted  as  its  standard  the  Denhani- 
()l])herts  type  of  cast-iron  [)late  ties  f.svr  PI.  23).  and  with  successful 
results.  Accordin.ii-  to  a  statement  furnished  in  .\pril.  1S()4,  by  Mr. 
F.  E.  llobertson,  (dnef  en<iineer,  the  numlxa-  of  ties  then  in  use  and  the 
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average  annual  i^ercentage  of  their  renewals  for  tlie  last  five  years 
vrere  as  follows : 


Ties. 


j  Per  cent 
Number,    of  aiimial 
renewals. 


Denliani-Olpherts  ties  . 


2, 483,  GOO 


Other  cast-intn  ties  240,  369 


Sal-wo(i<l  ties  

Other  wooden  ties  (princiitally  deoihir). 

Total  


1,279,245 
1,044,958 


0.  64 
2.  74 
5.  98 
5.28 


5,  048, 181 


In  re<ianl  to  tlie  track  on  wooden  ties,  it  is  of  the  English  tyjie,  with 
donble-headed  rails  secured  in  cast-iron  chairs  hy  wooden  keys,  bntlNIr. 
Robertson  says  that  the  latter  arc  not  suitable  for  a  hot  climate:  "The 
round  spike  used  with  the  chair  is  a  jjoor  Job,  and  the  road  mostly  stays 
where  it  is  from  force  of  habit,  not  because  the  si)ikes  hold  it  tight. 
The  I  )eiiliam-01pherts,  our  ijreseut  standard  tie,  holds  the  rail  well." 

Jn  August,  18!)2,  .Mr.  I.  NV.  Jones,  assistant  engineer,  wrote  me  that 
the  vulcanizing  ti-eatincnt  for  wooden  ties  had  been  proi)osed  by  him, 
but  not  tried.  All  tlie  wooden  ties  imi)orted  from  Phirope  were  creo 
soted,  but  in  many  cases  the  sai)did  not  a])])ear  to  have  been  properly 
exhausted  before  the  ])reservative  was  a])i)lied.  About  twenty-five 
years  ago  this  com])aiiy  and  some  others  started  to  creosote  Indian 
fir  (deodar),  but  ga^■e  it  np.  and  in  IS!)!*  the  wooden  tics  supplied  in  the 
country  or  imported  Irom  Ibirmah,  Australia,  etc.,  were  not  subjected 
to  any  preservati\ <'  process.  One  reason  lor  this  was  that  the  ties 
were  destroyed  by  eiushing  long  before  they  were  likely  to  decay, 
oM  ing  to  badly  designed  cliairs  witli  small  base  area;  but  now  that 
chairs  with  broad  bases  are  used  the  ties  give;  better  service,  and  a 
pieser\  ative  i)rocess  that  would  harden  the  wood  would  proveeconomi- 
cal.  I'ii  t  ics  not  1»een  iin|)orted  for  some  years,  but  a  lot  were  sent 
out  in  ISDl.  Tiie  wooden  ties  ar<^  of  sal  from  Nei)al  and  deodar  from 
the  Himalayas.  Asna  has  been  tiied  and  (condemned.  When  Mr. 
Jones  wrote  the  company  was  making  oOt)  complete  J)enhain-()l[)herts 
cast-iron  plate  ties  daily  at  the  Jamalimr  works,  using  native  iron.  The 
track  is  of  75-pound  double-headed  rails,  30  feet  long,  with  deep  splice- 
bars  20  inches  long  secured  by  six  1-inch  bolts,  but  the  new  splice-bars 
are  22  inches  long,  with  four  bolts.  Jn  1803  an  <S;j-i)ound  bullhead  lail 
was  adopted  for  the  divisi(ms  having  the  heaviest  traffic.  The  ballast 
is  of  ^  to  2^  inch  broken  stone,  nsed  liberally.  AMth  mixed  ties  there 
were  10  to  75  per  cent  of  iron  ties,  and  the  iron  rails  were  being  repla(;e(l 
with  steel  at  the  rate  of  80  to  100  miles  per  year.  On  December  31, 
1801,  the  rails  and  ties  were  as  follows: 

Tallies. 

Steel  rails  on  Denham-Olplierts  iron  ties   798 

Steel  rails  on  wood  or  mixed  wood  and  iron  ties   423 

Iron  rails  on  Denliani-Olpherts  iron  ties   80 

Iron  rails  on  wood  or  nuxed  wood  and  iron  ties   <)7f 


Total 


1,  989 
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Tin-;  Nai  iia  i'i  KAiLii(»Ai)'  Ici't  ;^;iu.u<').  l'7A  miles  lono,  had  ij  miles 
|;ii(l  with  1  )(Mili:iiii  ( >l|>li('rts  tics  witli  .M  ( »lrs\\  ( )rl  ITs  wedges  {srr  IM.  21 
of  (iriuiiial  ic|)t»ri  .  'I'lic  r;iil\\  ;i,\  now  loniis  I  lie  A/.iiiiu;iii|  hiMiicli 
of  till-  l!;ist  liidiiiii  lv';iil\\  ,  Mild  in  lS!ll!  was  widened  lo  the  .")  feet  <! 
inelies  L;;inm'  ;nid  hiid  willi  S..'.|)()iiiid  iioii  mils  on  1  )eii  h  ;i!n-(  )1  pherl  s 
cast  iion  |>l;ite  ties,  with  hilerite  l>:ill;isl.  'riie(l\;i  hraneh  was  heiii.u 
I'elaid  w  i  t  li  1  )enhain  (  )1 1  »liert  s  east  iron  jilat  e  t  ies  in  the  lirst  ha  IT  ( d'  1      | . 

l'l\srr,K.\  r.i;\(i  A  I,  S  I' \  ii;  I^VliA\.\^  ■  (.uaii^c,  r»  |e(d  d  i  ludies  a  nd  d 
leel  .'e^  iiieliesi. — On  this  road  the  east-iroii  plate  ties  are  e\tensi\(dy 
used,  and  I  am  imhdited  to  Mr.  d,  .\,  Anderson,  M.  Inst.('.  I<j  ,  en.ii,i 
iieer  in  elder,  for  a  detaih'd  statement  lurnislied  in  A|)ril,  ISlll.  'Idiere 
are  •'••U  inde>  of  st amhird  Indian  .^aii.^c  (5  leet  (i  iiudios)  main  line,  and 
5S7  inches  of  meter  Liaiiuc 

St((iiihir(l  (idiif/f. — The  track  is  laid  t  hron.uhouf  w  it  h  doiihle  headed 
iron  and  stoid  rails.  \vei,uhin,<;  from  0!)  to  7")  pounds  per  yard,  and  the 
rails  now  used  for  all  renewals  are  of  steel,  .')()  feet  lon,^-,- wei.nliin'i-  73 
l»onnds  per  yard.  The  ballast  is  almost  entir(d>'  of  bi-oken  brick,  but 
theie  are  some  short  h'n<;ths  of  sand  ballast  under  })()t  ties.  There  are 
iL'd  miles  laid  on  I  )enhani  ()lpherts  cast-iron  i)late  ties,  21  miles  on  cast- 
iron  jiot  ties,  and  tlie  remaiiiinii"  157  miles  are  on  wooden  ties,  princi- 
palis- sai  .  SiKHca  fobnsta).  There  are  a  j^-ood  many  ties  of  ditierent 
Indian.  I'.urmese,  and  Australian  woods  also  in  the  track  on  trial,  but 
tile  local  sal  wood  is  as  good  as,  and  cheaper  than,  any  other.  It  is 
a  heav,\  .  comitact,  tough,  strong,  and  durable  wood,  weighing  about  (iO 
pounds  per  cubic  foot.  The  wooden  ties  are  10  feet  long,  10  by  5  inches 
siM  tion.  and  last  from  fifteen  to  nineteen  years  in  the  track,  requiring 
about  d  pel  ecu:  (d"  annual  renewals.  There  are  10  to  11  ties  to  a  rail 
length  of  do  feet,  and  the  ties  carry  two  29-pound  cast-iron  chairs,  each 
fixed  l)y  the  iron  spikes  or  fang  bolts,  the  rails  being  setaired  in  the 
chaii>  b\-  teak  keys  on  the  outside. 

The  De'ihamd  )lplierts  cast-iron  plate  ties  weigh  229  pounds  each, 
made  \\\)  as  follows:  2  cast-iron  ])lates,  170.1  [)ounds;  2  movable  cast- 
iron  jaws.  21)  poiimls;  1  tiebar  h  by  2  inches  section,  2.').  1  pounds;  2 
pairs  of  gibs  and  cotters,  ."i.S  pounds.  The  plates  have  each  one  lixed 
Jaw,  which  with  the  m(>vablejaw  grips  the  rail  Just  under  the  n])per 
head  (IM.  2d  of  original  report),  so  aAoiding  all  injury  to  the  lower 
head,  and  allow  ing  lor  rcNcrsal  of  the  rail.  These  ties  make  a  very 
satisfa(dory  tra(dv,  practically  as  smooth  as  with  wooden  ties;  they  give 
little  trouble  tor  maintenan(;e,  and  are  easily  rejilaced  in  case  of  acci- 
<le!it,wliile  their  yearly  reii(;wals  come  to  only  O.Od  percent — in  fact, 
their  life  seems  to  be  onl>  limited  by  that  of  the  tiebar.  They  are 
superseding  both  cast  ixm  pots  and  wooden  ties  on  this  line.  They 
are  spaced  11  to  a  30d()ot  rail.  ( "om|»aring  the  sal  ties  ( w  ith  an  average 
life  of  seventeen  years)  with  the  1  )enham-()li)herts  ties  (average  life, 
sixty-eight  years)  it  is  staled  ihat  it  would  i)ay  well  in  money  value 
alone  to  use  the  iron  ties,  even  if  twice  the  price  of  the  wooden  tiec; 
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but  the  actual  i)ioi)ortioii  is  about  7  to  4.  while  the  additional  cost 
and  ilanui^e  to  track  of  changiug:  the  ties  three  times  is  avoided.  Pot 
ties  have  not  been  quite  satisfactory  hei-e,  and  have  done  best  in 
sand  ballast.  The  two  cast-iron  pots  weigh  109  pounds:  the  tiebar, 
gibs,  and  cotters,  25  i:)ouuds;  total,  194  pounds. 

Meter  Gaiif/e. — On  the  meter  gauge  lines  all  the  rails  are  of  tlange  or 
T-sectiou,  the  old  ones  24  feet  long  and  40  or  41^  pounds  per  j^ard  for 
iron  or  steel,  respectively.  The  steel  rails  now  used  for  all  renewals  are 
30  feet  long  and  weigh  50  pounds  per  yard.  The  ballast  is  of  broken 
brick,  broken  brick  and  stone,  broken  stone,  and  gravel,  while  in  places 
where  the  ordinary  soil  is  sandy,  the  wooden  ties  are  merely  boxed  up 
wiih  earth. 

Of  the  total  5S7  miles,  24  are  laid  with  the  Rendel  or  "pea  pod" 
steel  trougli  ties,  most  of  tliem  being  of  the  imi)roved  type  with  2 
clips  punched  up  at  eacli  end,  betwcJMi  wliich  the  rail  is  lixed  by  a  long- 
taper  key,  driven  between  one  cHj)  and  the  rail  tlange  (Pis.  22  and  24 
of  original  report).  These  are  not  (juitt;  satisfactory,  the  clips  being 
weak  and  allowing  the  keys  to  get  loose.  They  weigh  70  pounds  each, 
and  are  si)aced  11  to  12  to  a  30-foot  rail.  There  are  9  miles  laid  with 
different  experimental  cast  and  wrouglit-iron  ties,  9  miles  more  with 
Denham-Olplierts  plate  ties,  and  the  remaining  545  miles  with  wooden 
ties  (»  feet  long  and  S  l)y  4^  inches  section.  These  ties  are  mostly  of 
sal,  as  on  the  standard  gauge,  and  all  the  remarks  made  on  the  stand- 
ard gauge  apply  also  to  the  meter  gauge  ties.  Each  rail  is  lixed  to  the 
tie  by  two  dogspikes. 

The  following  table  -ivcs  some  i)arti(  iilars  of  the  traffic: 


• 

5  feet  6 
inches  gauge. 

3  feet  3J 
inches  gauge. 

43.  6  to  CI.  2.5 

28.  25  to  34. 36 

 <lo.... 

14.08 

8 

Maxiiiiiini  .s<  l)f<lule  si»fi  il  b»-t\vc»*n  statiuiis  

 iiiih-s  per  hour. . 

:{:j.4 

23.4 

211 

i:{5 

Avfrj<;;e  \vfii;ht  <<!'  I'reijilit  trains  

 do.. 

:!24 

189 

Traill  miles  ruu  in  tho  vcar  is'.fj  '!•:!  



1,997,299 

1,450,  789 

Gaekwar's  Meiis.v>a  Kaiiavay*  (gauge,  3  feet  3^  inches). — The 
track  is  of  41;[-p()und  steel  rails,  with  52^,  miles  of  steel  ties  and  -kO^ 
miles  of  deodar  ties. 

GAEKWAifs  Petlad  Kailway*  (gaug(%  5  feet  (1  inchesj. — This 
line,  opened  in  1890,  is  13^  miles  long,  laid  with  (Uij-pound  steel  T  rails 
on  steel  ties.  It  is  worked  and  maintained  by  the  Bombay.  IJaroda, 
and  Central  India  liailway  Company. 

GoDHRA-KuTLAM  Eailway*  (gauge,  5  ieet  0  inches).— This  is  a  new 
line.  115  miles  long,  through  difficult  country,  the  greater  part  of  its 
length  being  on  a  grade  of  0.5  per  cent.  It  is  laid  with  75-pound  T-rails, 
on  steel  trough  ties,  except  for  35  miles  on  the  Rutlam  section,  where 
deodar  ties  are  nsed.  In  June,  1894,  however,  Mr.  Hargrave,  chief 
engineer  of  the  Bombay,  Baroda,  and  Central  India  Kailway,  reported 
that  100  miles  of  this  line  were  laid  with  steel  ties. 
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(I|M:AT  IXDIVN  I'r.Nl.NSl  I.^K  K'  \  ILW  A  \  •  (i^nULlC,  Irct  <>  iiiclics). — 
This  r;iil\\  ;i.\'  li;is  l(i"J  miles  of  t  r:icl{,  sii  |  miles  of  sini^lc  t  l  acU, 

iiiid  1*  1  I  miles  of  siiU*  track,  or  1  miles  of  single  I  l  ack  in  main  line 
and  sitlini^s.  It  is  laid  (  hi  (m^liont  w  il  h  (l()iil)le  headed  rails:  r)SS  miles 
of  iinn  rails,  .')()  t  (>  iti)unds  per  vard,  and  l.KM  miles  of  steel  rads, 
(»!>  to  Sll  poniids  j)er  yard.  'I'here  are  l.(».')L!  miles  of  cast  iron  j)ot  ties 
and  -iilo  miles  of  wooden  ties  Id  feet  lon;^  and  Id  l»y  o  inches  sect  ion, 
as  show  n  in  tin'  t  al)le : 

\V....,l,.il  tirs: 

■fcak    sri;» 

(  ri'osottMl  i)inf   101,  00!) 

Misi'cllaneoiis   :{!»,  SIO 

'I'otal   (i2{>,  278 

T..tal  luilcs   800 

(  ast-iron  ( ics  : 

h'nuiul  ])ots  pair.s..  -154,102 

ovak  (.1.1  i>att.Mii  do...  981,037 

Oval,  new  patitrn  do...  557,087 

Oval.  II.  and  I  do. ..  8<m,  800 

Total  pairs  do...  2.845,080 

Total  miles   ],032 

For  the  fonowiiifi'  detailed  statement  as  to  tlie  ties  used  and  tlie 
e.xpei'ienee  with  tliein  I  am  indebted  to  ^Iv.  A.  J.  (larret,  actiug  secre- 
tary, the  statement  hax  ini;-  been  nmde  in  June,  1894  : 

riu'  wcii^ht  of  a  siii;;ie  pot  varies  from  81  pounds  (round)  and  91  pounds  (old  oval) 
to  101  poiuids,  tlie  latter  bein.i;  ior  our  latest  and  best  pattern,  the  R.  and  L.,  vvliieli 
means  ••  ri^lit  and  left,"  ])ermittin<j;  the  keys  on  both  rails  to  be  driven  in  the  same 
direction.  Tiiis  ]iatt<'rn  has  no  e<'lls  to  receive  wooden  rest  pieces,  but  the  rail  bears 
on  two  cast-iron  seats,  one  on  either  side  of  the  chair  and  situated  13  inches  apart, 
center  to  center,  thus  uivini;-  tlie  rail  a  tjood  bearinij.  Both  the  ''old''  and  "new" 
jiatteiii  ]>()ts  arc^  too  liLilit.and  the  metal  in  them  is  not  (list  riluited  to  the  best 
advanta<;e.  They  ha\  (;  cells  to  hold  rest  pi(  ces  or  cushions  of  elm,  oak,  liorubeam, 
etc.,  croosoted  or  otherw  ise  prepared,  and  our  experience  is  that  when  rails  (espe- 
cially thos<Mna<lc  of  steel)  are  allow  ed  to  rest  on  them  for  any  considerable  length  of 
time  the  chemical  substance  so  corrodes  and  pits  the  l.earinu:  surface  as  to  i)rohibit 
the  turnini;  (d'the  rails.  The  round  pots,  our  earliest  ])attern,  are  stron<j^and  permit 
ol  easy  a(f)ustment  to  level.  Imt  they  do  not  afford  the  su])erior  rail  supi)()rt  that  the 
o\  al  jxtrs  d(».  A  sleeper  ioi  iiied  of  rii^lit  and  lel't  pots  w  ith  cast-iron  seats  is  com- 
pi)>ed  and  wei^xhs  as  lollows: 

Vomnls. 

2  i»ots.  101  pounds  each.  ca>t  iron    202 

1  tiebar,  \  hy  2  inches,  w  rought  iron    25.75 

2  cott/crs,  w  rouLiht  iron    1 

2  giV>s,  w  iouuht  iron   .  U 

Total  wcij^ht  of  tie   229.  10 

We  imp(»rt  no  other  pattern  but  this.  It  makes  nn  excellent  road  and  the  break- 
ages are  very  few.  We  are  steadily  working  to  eliminate  Jill  wooden  sleepers  from 
the  road,  and  never  relay  with  any  but  the  Ik.  and  T..  p(»ts,  unless  forced  to  <lo  so  with 
the  object  of  re<lucing  expenditure  in  any  half  year,  when  we  use  the  cheap  creosoted 
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pine  All  slee^iers  are  spaced  3  feet  apart,  center  to  center.  Points  and  crossings 
are  laid  on  square-sawed  teak  sleepers.  10  by  5  inches,  and  of  varying  lengths  to  suit 
the  spread  of  roads.    Our  renewals  of  sleepers  per  annum  have  been  as  follows: 


AYood. 

Irou. 

Average,  1873  to  1892   

Per  cent. 
4.57 
6. 14 

Per  cent. 
0.  80 
.57 

Average  for  1893  

The  increase  in  renewals  of  wooden  ties  is  dne  to  our  rejecting  sleepers  before  their 
life  had  en<led  rather  than  lay  new  rails  on  them.  Our  renewals  are  carried  on  in 
continuous  lengths  and  we  make  the  road  as  thoroughly  good  as  it  can  be  nuide,  in 
order  to  avoid  any  call  for  early  disturbance  of  it.  In  other  words,  the  increase  may 
be  i)ut  down  as  the  result  of  our  imi)rovement  policy.  The  decrease  in  iron-sleeper 
renewals  is  due  to  the  gradual  increase  of  the  stronger  type  and  to  tL3  use  of  better 
ballast.  In  the  old  »lays  dirty  ballast  which  caked  in  the  pots  caused  great  destruc- 
tion of  the  weak  oval  i)0ts.  About  7.'>  i>er  cent  of  our  ballast  is  either  trap  stone 
broken  to  cubes  of  about  1  inch  sides  or  screen  river  shingle.  The  rest  is  of  granitic 
sand  or  oth»*r  inferior  cjualities  which  we  are  rai»idly  discarding.  We  are  unable  to 
Ktatt"  the  dirti-rence  iM-twceii  the  cost  of  ujaintainiug  the  road  on  wooden  and  iron 
sleepers,  but  in  respect  to  labor  it  is  about  the  sjiine. 

PasstMi«ier  oujiiiies  of  tlu'  ei,iilit-w]ieel  tyi)e  wci-ili  42  tons,  ^vith  28  tons 
on  the  driving-  whfols  and  a  wlicel  ba.se  of  S  feet.  Tlie  six-wlieel  (all 
c(»ni)led )  frei<iiit  engines  weigh  .'>s.-^  tons  on  a  wheel  base  of  14  feet  (> 
inches;  and  the  iMght-wheeled  (all  (•(tui»led  )  tank  engines  for  the  (ihat 
incline  weigh  .V>.^  tons  on  a  wheel  l»a>c  of  l.~)  feet  7  inches.  The  six- 
wheel  tenders  for  passenger  and  freight  engines  weigh  28  tons  on  a 
wheel  base  of  1 1  feet.  Long  freight  cars  on  lonr- wheel  trncks  weigh  35 
tons, loa<led.on  a  wiiecl  base  of  21}  leet ;  and  small  four-wheel  freight  cars 
weigh  18  tons,  loaded,  on  a  wheelbase  of  JO  feet  0  inches.  The  regnlar 
si)eeds  between  stations  are  17  miles  per  honr  foi"  Ireight  trains,  22  miles 
for  mixed  trains,  27  miles  for  i)assenger  trains,  and  32  miles  for  mail 
trains.  The  tratlic  for  1S!)3  anjounted  to  10,737,413  ])assengers  and 
2,S31,8i;i)  tons  of  ireight.  Dnring  the  year  ending  March  31,  181)4,  the 
southeast  line  between  Poonah  and  liaiehor  was  strengthened  by  the 
addition  of  an  eighth  tie  to  each  rail  length  of  24  feet. 

Indlvx  Midland  TIailway*  (gauge,  5  feet  G  inches). — The  ov;il  cast- 
iron  pot  ties,  which  are  the  standard  ties  of  this  road  (p.  233  and  Tl.  23 
of  original  report),  are  giving  very  satisfactory  results,  and  Mr.  J.  M. 
Wrench,  chief  engineer,  writing  in  April,  1804,  stated  that  he  could 
speak  mo.st  confidently  of  them.  As  to  their  life  he  could  give  no  opin- 
ion, as  his  experience  with  them  (.'xtcMids  only  over  the  last  five  years, 
since  the  railway  was  oi)ened,  but  they  a])])('ar  to  be  as  sound  now  as 
on  the  day  on  which  they  were  laid.  There  is  i)ractically  no  corrosion 
or  cracking;  the  efUciency  of  the  rail  fastenings  is  perfect;  the  noise  is 
not  great  if  the  felt  i)acking  or  cushion  is  used,  and  when  once  the  track 
Las  settled  together  the  amount  of  tamping  for  maintenance  is  not 
much.    The  track  is  a  little  hard.    The  pots  weigh  80  pounds  each  and 


t lie  rails  SI)  pmiids  pn  yanl.  r  ir^f  tics  i;i,iii|»;ir<'  most  la V()rai)i.\'  w  illi 
tin-  slcel  tntiiuli  ticsoii  llic  1  Uiopa  I  State  Ifa  il  w  a  y  (  w  li  icli  is  w  oiUtM  I  hy 
llic  Indian  .Mnlhiiul  L'ail\\a\  .  wliicli,  Mr.  W  iciicii  sa>.->,  aic  now  hcin- 
rciu'Wcd  at'U'i'  an  a  \  era  uc  1  i  I*' oT  nine  ycais.  ( licii'  s<'ct  loii  luanL:  w  cak, 
so  tlial  \\\v\  fail  1)\  (Marking  in>l  Ix'low  tlic  rail.  )n  llic  hraiu-li  iVoni 
( 'a  w  n  I  »orc  (  o  K  a  1 1  n  I  here  a  I'c  To  |  )on  nd  ra  i  Is  on  I  )('nlnMn  <  )l  plicil  s  |  i|;M  c 
1  i(vs.  'I'lif  w  (lodcn  I  it 'S  on  ihc  line  ;irt'  pracl  ica  I  ly  wo  in  onl ,  niid  t  li('\-  ;ir<' 
iM>w  hcimr  rcinoxcd  as  lapidly  as  possihlc,  after  an  axtaauc  lilc  of  lonr 
l*  (ai  years,  ilie  SO  pound  how  ls  heim;-  used  in  reiu'wals.  The  IVo^s, 
>w  il  ehes.  ;ind  (ro^^oNcrs  are  laid  with  wooden  ties.  The  railway  has 
.">loA  miles  of  main  line.  I'rom  Idiopai  to  A  ^la,  and  I  liree  hraiielies  a_n\n'r(v 
uatin.u'  .'5<d';  miles,  making  (li>7',  miles  in  all.  while  llie  Idiopnl  Shiic 
liailwa.N,  from  llarsi  lo  I'liopal,  has  oT.il  miles  of  main  line  and  no 
In  anelies. 

lM)i  A\  Si  vii:  U\iL\\  A^s.  '  —  In  my  ()ri<j^iiiail  re])()rt  was  <;i\('ii  a 
lalile  (»f  the  nnndiers  of  nnMal  ties  sent  out  froui  Eng'land' from  1S71  to 
Septeinher.  ISSD.  and  I  am  imlebted  to  the  di rector- gen er ill  of  stores 
for  the  follow  iiiu'  st  atement  of  steel  and  iron  ties  sent  to  India,  or  under 
pr(»\  i>ioii  hy  the  India  Oflice,  London,  from  September,  18S9,  to  JMareli 
L'(i.  1S!I  I,  'i'hey  are  all  Idr  the  5  fi^et  ()  inches  <iange,  no  metal  ties  for  the 
meter  gauge  ha\  iiig  been  sent  out  since  lS8t).  The  nnles  are  cahadated 
at  the  rate  of  LM)0()  ties  per  mile: 

Miles  01 
single  track. 


St»M'l  oross-tit'.s  (immhci-,  1.232,51)0)   61(5.  25 

Di'iiliam-Olplicrts  cast-iioii  ](latc  ties  (i)airs.  120,250)   GO.  13 

Total,  issit  lo  IS! 1 1     076.38 

•f.aal.  1S7I  lo  iss'.i   2,018.75 

■|  oial.  1S7I  lo  is!l|   2.6<I5.  13 


The  sizes  and  wciglits  of  I  he  IJendel  steel  ties  for  the  two  gauges  ai'c 
as  follows : 


Can;;.-. 

Len^rth 
of  plate. 

AVidth 
of  plate. 

Wei-lit. 

Weight 
of  two 
keys. 

AYeight 
per  mile. 

Ft.  in. 

Inches. 

Pounds. 

Pounds. 

Pounds. 

8  9 

13* 

120 

2 

214, 704 

5  9 

12 

GO 

1.25 

123,  G48 

dAAiMi  vM;  Kasiimii,'  i;  \iL\V/\.\  *  (gaugc,  5  feet  (>  inches). — This 
line,  w  hich  was  opened  in  Isiin.  is  1('»  ndles  long,  laid  with  75-pouiKl 
T  rails  on  deodar  ties,  excei)t  w  here  there  are  sags  in  the  road  to  pass 
surface  floods,  in  which  places  steel  ties  are  used  {see  Queensland). 
The  ballast  is  of  stone,  and  there  are  about  1,000  ties  to  the  mile. 

JetalsaPv-IvA.tkot  Kailwaa'  (gauge,  3  feet       inches). — This  rail- 
way, 4GJ  miles  long,  completed  in  1<S0;3,  is  laid  with  4T^-pouiid  steel 
T  rails,  partly  on  st<'el  and  ]»arlly  on  (acosoied  pine  ties 
7<)37_>;o,  0  7 
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JoDHPOKE-BiCKA^'EEK  IJ AiLWAY  *  (gaiige  3  feet  o|  inrlies). — This 
line  (formerly  the  Jodhpore  Eailway)  lias  now  300  miles  of  track  ot 
30-poiiiid  steel  rails  on  steel  ties,  and  G4  miles  of  similar  rails  on  juugle- 
^vood  ties. 

KoLHAPUR  Eailway*  (gauge,  3  feet  3|  inches). — This  railway  was 
opened  in  1891  and  is  20  miles  long,  laid  with  41^-pound  steel  rails  on 
steel  ties. 

Madras  Railway*  (gauge,  5  feet  0  inches  i. — This  is  another  of  the 
roads  which  has  adopted  cast-iron  i^ot  or  bowl  ties.  In  April,  1894, 
Mr.  II.  E.  P.  Carter,  chief  engineer,  furnished  the  following  particulars: 

The  length  of  line  (exclnsi\  e  of  sidings.  132.256  miles)  is  839.225 
miles,  of  which  42.5  miles  are  double  track,  and  the  entire  length,  with 
the  exception  of  bridges  and  culverts,  is  laid  ^^  ith  the  cast-iron  bowl 
ties,  the  weight  of  which  has  been  increased  from  84  to  1 12  pounds  each. 
The  perrentage  of  breakages  for  the  i)ast  three  years  hail  been  0.58  per 
cent.  No  other  description  of  metal  ties  are  used,  and  frogs  and 
switclies  are  laid  with  wooden  ties  (either  t«'ak,  jungle  wood,  or  ••sal,'' 
Shorea  robiista).  The  ballast  is  vf  decomposed  gneiss  and  sand.  The 
average  age  of  ties  on  December  31,  1893,  was  22.87  years  for  the  iron, 
lt>.42  for  teak,  5.72  for  jungle  wood,  and  7. GO  for  creosoted  pine.  The 
rails  weigh  (J5.75  and  84  pounds  per  yard,  but  the  75-pound  rails  are 
princii>ally  used.  The  amount  of  traOic  in  the  six  months  ending 
December  31.  1S94,  was  L71  L!>8G  ])assengers,  431,318  tons  of  freight, 
and  150,102  i>arcels. 

In  March.  1SH4.  Mr.  Julian  liyrne,  secretary  of  the  company,  stated 
that  the  company  owned  and  oi)erated  8.)9^  miles  of  line  (42.^  nules 
double  track,  796J  miles  single  tra»'k,  and  1304  nules  of  side  track), 
nearly  all  of  which  is  lai<l  with  cast  iron  bowls.  The  section  of  rail  svas 
changed  in  1893  to  a  70  jM>und  bullhea«l  section,  and  there  are  ten  pairs 
of  bowls  to  a  rail  length  of  30  feet.  .Mi",  liyrne  ;L:ivcs  the  following 
statement  of  wciglit  and  cost: 

^Itttil  tits,  Madrats  lUiilicay. 


of  1890. 


"Weight  of  «»np  jLiir  of  howls  I>ounds..  200  224 

Weight  of  one  wrought-irou  tie  bar  do..  3L  5  31.  5 

Weight  of  one  pair  of  gib.s  and  cotters  do. .  1.  62  1.  62 

Cost  of  bowls,  tic  har-s.  gibs,  .ind  cotters  per  ton.  delivered  at  Madras   '|24.  00  t  ^22.  00 

Coat  of  one  jiair  of  bfiwLs  delivered  at  Madras,  including  tie  bars,  gibs,  and  cot- 
ters, but  excluding  the  cost  of  wooden  ke.vs,  which  are  furnished  in  Madms. . .  "  2. 50  1 2. 52J 


In  1891.  t  In  1893. 


Mu  Valley  Railway  (gauge,  3  feet  3|  inches). — This  line  was 
authorized  in  1891,  and  will  be  156  miles  long,  laid  with  41^-pound  steel 
T  rails  on  wooden  ties.  One  of  the  Indian  i)apei  s,  in  1892.  referred  to 
the  introduction  of  iron  ties,  stating  that  while  the  br<^kea  stuiic  ]>al]ast 
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uiisW('1(m1  well  witli  tlir  wimmU-ii  tirs  it  was  not  IoiiikI  to  Ix'  so  satisfuc- 
toi  vwitli  the  iiit'tal  tics.  Tliis  railw  a.\  is  in  I Imina,  and,  as  ali'oady 
-^lalcil,  Mr.  1  iiill,  cliicr  cnuinctT  ol  the  llniiiia  State  Kailw  ays,  icixn'ts 
tliat       iiit'Ial  tics  Iia\  ('  _\ct  Ix'cii  t  rictl. 

M  I  sii  K  Ai  -  lioi.  A  \  Kaii.ww  iuaum',  .'^>  fret  (1  iiiclics). — Tliis  is  a  new 
line,      miles  Iniilt  as  a  loop  on  tin-  front  icr  rail  w  a  v  line  to  (,)nct  t  a, 

in  llcloocliistan,  to  axoiil  the  dan^fr  oi"  <-oinnnini('at  ion  hcini;'  (mM  oil' 
l>\  the  la ndslidcs.  w  h ich  lia\('  canscd  so  much  tiouMc  and  expense, 
in  the  ".Mud  (ioruc"  on  tiie  Sind  Tishin  line  of  the  Nortliwcstcrii 
K'ailwa.N.  The  line  is  mainly  lor  militaiy  |»uri>o>('s,  in  coiinectioii 
with  the  protection  of  the  northern  I'rontier.  The  line  starts  at 
Sihi,  4.)0  feet  aboxc  sea  level,  ami  its  suiniuit  is  5, !)()()  feet  above  seii 
le\el.  The  maximum  <;iade  is  l.S  per  cent,  except  on  tlie  upper  section, 
where  it  is  i  per  cent.  The  trade  is  of  75-1)()UikI  steel  T  rails  on  steel 
ties  of  the  State  Railways  ])atteni,  but  on  the  steep  i;ra(h's  ^whi(*h  are 
••bunched  "  so  that  trafliccau  be  worked  ovi^'  theiu  by  auxiliary  en«4ines) 
>teel  T  rails  wei^hini:,"  KM)  pounds  i)er  yard  are  used.  The  llailway 
A<lininistratioii  ]vei)ort  for  189.)-'94  states  that  Irom  Sibi  to  Abi<i:niu,  .'57 
miles,  the  existin.u'  track  juaterial  will  be  used — To-ponnd  steel  (h)ublel 
headcil  rails  for  1  )enliam  ( )li)herts  cast-iron  plate  ties  and  75-pound  stee- 
T -rails  on  the-  steel  trouixh  ties.  The  lOO-pouud  rails  are  laid  from 
Abiiiuiu  to  Kolpur,  2.)  miles. 

M\  s(»im:  (ioLDFiKLDS  IvAiLWAY  (gauge,  5  feet  G  inches). — This  line 
is  ten  miles  loiijii',  built  in  1S93,  and  is  laid  with  second  hand  double- 
headed  7.")  pound  rails  from  the  Madras  IJaihvay,  carried  on  uew  cast- 
iron  pot  ties  of  the  (.Ireaves  pattern.  The  maximum  ^rade  is  1.5  ])er 
cent,  and  the  shari)est  curve  of  1,085  feet  radius. 

NizamV  (ri'ARANTEEU  STATE  RAILWAY  (gauge,  5  feet  (>  inches). — In 
-March,  18!).),  the  rei)ort  of  the  director-general  of  railways  showed 
-(is  miles  of  steel  ties  (as  against  10!>^  miles  in  March,  1888),  GU  miles 
with  cast  iron  bowls,  and  -   miles  of  wooden  ties. 

XoKTinvKSTKKN  JJailavay*  (gauge,  5  feet  G  inches). — The  use 
of  steel  ties  continues  to  be  favorably  considered,  and  they  have 
been  used  on  several  extensions  ()[)ened  sin(;e  my  former  rei)ort. 
The  additional  mileage  has  not  been  rei)orted,  l)ut  iiududes  the 
.')()  miles  of  the  Kundian  and  ^lari  bianch  on  the  Sind-Sagar  fron- 
tier (military)  liiu",  wiiere  75  pound  steel  T  rails  are  laid  on  steel  ties, 
as  also  on  the  (^)uetta  line.  Mr.  W.  II.  Cole,  in  a  paper  presented 
to  the  Institution  of  Civil  Engineers  in  18!ll,  stated  that  nearly  the 
whole  of  the  Sind-Sagar  line  {'M)i)  miles)  was  laid  in  ISSfi  with  steel 
ties  in  sand  ballast,  with  a  stone  or  brick  t()p[)ing.  The  soil,  of  sand 
and  cla>-,  is  more  or  less  i mpr(\iiiiated  with  saliiu'  matter.  The  air  is 
generally  dry,  but  that  i)()rtioii  of  the  line  westward  between  the  Salt 
range  and  the  right  baidv  of  the  .Ihelum  lUver  toward  the  Indus  is  for 
months  exposed  to  iinmdation,  and  is  saturated  by  drainage  from  thq 
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hills.  Od  this  section  marked  ties  which  weighed  148  pounds  in  1886 
were  found  to  weigh  only  87  pounds  in  1890,  a  loss  of  61  pounds  iu  four 
years.  At  the  beginning  of  189;>,  it  was  determined  tbat  wooden  ties 
should  be  substituted  when  renewals  became  necessary,  and,  guided  by 
the  results  of  experiments  with  steel  ties  buried  in  sand  on  the  East 
Coast  Eailway,  it  has  been  decided  not  to  use  steel  ties  within  ten  miles 
of  the  seacoast. 

In  November,  1894, 1  received  the  following  statement  (dated  October 
12)  from  ^Ir.  G.  H.  List,  M.  Inst.  C.  E.,  chief  engineer,  whose  delay 
in  answering  a  request  for  information  made  early  in  the  j'car  was  due 
to  Moods  and  other  tronblcs  having  left  him  without  the  necessary  time: 

My  experii'iicc  is  that  wood  and  cast-iroii  i)ots  iiiako  the  best  roads,  cheapest  to 
lay,  and  easiest  and  cheapest  to  niaintain  and  ride  over.  Steel-trough  sleepers  have 
not  been  an  nn(|iialilied  success  on  this  road,  owing  to  the  presence  of  large 
<iuantities  of  saline  matter  in  the  soil.  Where  they  are  laid  in  clean,  dry  sand,  or 
gravel  ballast  on  a  dry  bank,  and  with  no  salt  present,  they  answer  admirably,  but 
that  state  of  matters  is  the  exception  with  us,  and  I  doubt  if  we  will  have  over  300 
miles  of  these  sleepers  left  in  ten  years  time.  The  pot  or  bowl  sleeper  on  sand  or 
lino  gravel  is  the  <[uietest  running  road;  after  that  steel  trough  sleepers,  and,  lastly, 
wood  or  stone  or  brick  ballast.  The  excessive  noisiness  of  wood  is  due  to  the  long 
dry  weather  we  have,  which  bakes  a  bank  hard  and  makes  it  sound  like  a  drum. 
Most  of  our  wooden-sleeper  road  has  a  llat-footed  or  J  rail,  with  metal  tie-plate  and 
dog  spikes,  as  in  America,  and  it  gives  us  no  trouble.  Some  of  such  road  is  laid  with 
chairs,  sjiikes.  and  wood  keys,  as  in  England,  and  I  am  bound  to  say  this  is  the 
easiest  riding-road  we  have.  The  bowl  sleejjcr  also  has  a  wooden  key,  and  the  steel- 
trough  sleejier  a  steel  key,  or  cotter.  We  have  no  trouble  with  fastenings.  The 
Denham-<  Upherts  is  a  ''suspended"  road,  with  no  key. 

I  can  not  give  you  any  details  al>out  the  tamjdng  of  the  dill'erent  classes,  as  no 
special  observations  have  been  made,  but  we  average  2A  to  3  men  per  mile,  according 
to  amount  of  tiallic,  for  all  classes  of  ties.  Nor  have  we  kept  detail  figures  of  the 
variation  in  cost  of  maintenance  for  each  class  of  road  (or  track),  as  they  are  so 
terribly  mixed  uj)  on  each  division ;  but  it  averages  Ks.  250  ($84)  per  mile  per  annum 
for  wooden  and  bowl  sleejiers,  half  as  much  more  for  Denham-Olpherts  cast-iron  plate 
sleepers,  and  twice  as  much  for  steel  troughs.  This  last  figure,  however,  is  due  to 
the  si>ecial  causes  mentioned,  namely,  corrosion  from  salt.  Given  dry  and  favorable 
conditions,  the  cost  for  steel  troughs  should  be  less  than  that  for  wood,  or  equal  to 
it.  We  have  no  points  and  cro.ssings  on  metal  sleepers  of  any  class,  but  all  arc  on 
wood.  In  fact,  all  station  yards  have  wood  sleepers,  as  shunting  (or  switching) 
derailments  are  frequent  where  native  pointsmen  (or  switchmen)  are  employed,  and 
metal  sleepers  will  not  stand  the  racket  of  it. 

So  far  as  my  experience  goes  on  this  line  (nine  years),  metal  has  not  dis])laced 
wood  for  ties,  and  will  not  do  so  as  long  as  we  can  get  local  wood  at  a  cost  not  exceed- 
ing 3  to  4  shillings  (75  cents  to  $1)  per  sleeper  and  while  silver  exchange  remains  at 
its  present  figure.  lUit  if  metal  sleepers  are  ever  greatly  extended,  then  on  this 
line  the  preference  will  be  for  cast  iron,  which  makes  a  good,  smooth-running  road, 
fit  for  any  speed.  A  road  with  bowls  100  pounds  each  and  rails  weighing  75  pounds 
per  yard  is  easily  laid  and  maintained,  and  the  life  of  a  sleeper  is  thirty  years,  at 
least,  against  fifteen  years  for  wood,  while  the  scrap  is  worth  Rs.  50  ($16.66)  per  ton 
even  if  we  do  not  recast  it  into  bowls. 
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'I'lir  lollowmu  t:il)lr.  Iiirii ishci  1  l»y  Mi.  List.  <iiv('s  llic  miles  ol"  track 
ol  main  liiM'.  ('\(  Iii>i\ of  sidings,  laid  witli  the  <l illerciit  kinds  of 
^!('f|»cis.  tdui'tlici-  with  tlu'  ax'cra.^c  price  ])cr  mile: 


(JInssoH  of  tlOH. 


Milos  lai.l  on  1  >..<  rmh.T  IS'.t:;  

Mill  s  III  slid  sliTiiiTs  ((mili  nmid  In  he  ifiu'wrd 

with  wooiUdiirinu:  l"*!'*  

A\«Ta^'c  price  per  iiiilc  nl  cai  h  (  lass  nl^  nijiecs.. 

sl.  cp.  rs  /  .inflars.. 

.\vcrnjri'  jiricc  \n-v  inilc  of  rastcninLrs  . .  |  ,Y,',}i!,',.!J" 
Averafji'  pric«'  per  mile  of  i'ach  class  ot  \  rujiecs.. 

gleejuTs  with  lastoiiinjis  (  dollars.. 

Averap'  aye  years.. 


Den,i:ir 

1 ).-(). 

Strel 

VoIh  or 

Totftl. 

\mmm1. 

plates. 

troiiyliH. 

bowls. 

Mil.'S. 

MUes. 

Miles. 

Miles. 

8.55  i 

:j45.i 

2,  58:j 

i,:i7»i 

■1.^.1. 

KOOli 

:u5.\ 

2,  ,583 

(i.  'JftO' 

ii,r,:{H 

ll.OC)!' 

10.012' 

2, 08:i 

870 

987 

5:i7 

1,500 

:!,  (100 

4,  002 

500 

1 ,  OZi 

i,:{34 

8,  000 

17,000 

12,000 

15.  000 

2,  UG7 

5,  (•.()7 

4,  000 

5,  000 

9.5 

C.  75 

7 

19.17 

Ornii  AM)  IJoiirLKUNi)  IIatlway*  (.^-aiij^o,  5  feet  (I  iiicbcs). — On 
1  lii>  1  (»ad  I lierc  arc  various  systems  of  metal  track  in  use,  as  shown 
l)y  the  followiiii;-  stat ciiiiMit of  tlu^  iiiilea.Q'e Oil  December  31,  1803,  as  fiir- 
iiislied  by  the  <ieiieral  maiiai;er,  Col.  Braekenbury,  R.  E.,  and  tlie  chief 


engineer.  Mr.  l'\  T.  (i.  Walton: 

.Miles. 

1.  Ca.st-iroii  oval  Itowls   iOfi.  SI 

2.  Wr()ii<;l>r-ir<)ii  s.-iddleliack  boarcrs   61.98 

3.  Ste.'l  bowls   206.  70 

4.  Steel  tron<j;b  ties   84.  05 

r>.  Wooden  tie.s   80.  67 


iotal   7tl.  11 


(1)  These  niay  be  taken  as  tlie  present  standard  t\  i)e  ol"  metal  ties 
ill  use  on  this  railway,  and  it  is  hoped  that  a  reliable  pattern  has  now 
l)eeii  obtained,  tlie  lail  being  secured  by  a  steel  key.  The  weight  of 
one  ])air  of  bowls,  with  tie  bar,  is  2li3  ixninds.  The  old  pattern,  in  which 
the  rail  is  secured  by  clips  and  bolts,  weighs  ISl  pounds  per  pair.  These 
have  not  lasted  more  than  1*0  years,  and  now  break  readily  under  the 
increased  loads  bnntulit  upon  them. 

(2)  Tliese  ha\'e  been  condemned,  as  they  are  too  liglit,  weighing  105 
pounds  per  ])air. 

(3)  These  liave  been  condemned,  as  they  bend  and  spread  the  gauge 
under  tin"  present  loads.    The  weight  of  one  pair  is  l>r»  ])onnds. 

(1)  These  had  been  recently  laid  on  a  new  branch. 

(5)  Tlie  wooden  tics  had  been  recently  laid  on  a  new  branch  and  in 
otlier  ])lac(vs  to  replace  old  cast-iron  oval  bowl  tics. 

.\s  all  the  metal  t  ies  so  far  have  been  lai<i  only  in  sand  ballast ,  ^\ilil(» 
all  wooden  tics  arc  laid  in  kunknr  ballast,  no  reliable  records  areavaila- 
ble  to  show  the  respecti\-e  (•(►st  of  maintenance  between  iron  and  wood. 
There  is,  however,  considered  to  'be  no  reason  to  bclicNc  that  such  dif- 
ference would  be  a])])reciable  as  far  as  the  labor  employed  is  concerned, 
the  average  number  of  men  and  (tost  of  labor  per  mile  being  2.81  men 
per  day  and  $52.80  per  annum. 


102 


USE   OF  METAL  RAILROAD  TIES. 


The  Lucknow-Eae-Bareli  line  and  the  Bareilly-Ramimr-Moradabad 
lines,  152  and  50  miles  long,  will  have  75-ponnd  steel  T-rails  on  steel 
and  deodar  ties.  The  LS  miles  between  Lnckuow  and  Rae  Bareli  were 
laid  with  steel  ties  in  1892. 

PoNDiciiERRY  (gauge,  3  feet  ;>J  inches). — When  the  Gingce  River 
bridge  was  rebuilt  in  1885-81),  it  wa>  laid  with  50-pound  steel  rails  on 
east-iron  bowls.  On  other  i^arts  of  the  line  wooden  ties  are  used.  The 
bridge  is  about  1,050  feet  long,  with  seven  si)ans  of  150  feet  each. 

SoLTH  TxDLVN  IvATLAVAY*  (gauge  .3  feet  3.1  inclies). — I  am  indebted 
to  Sir  Douglas  Fox.  the  consulting  engineer,  for  tlie  following  statement 
furnished  by  ^Ir.  H.  AV.  Notman,  the  secretary  of  the  company,  dated 
March  29, 1891.  The  first  item  includes  69  miles  laid  with  wooden  ties, 
ou  which,  however;  renewals. were  then  being  nmde  Avith  the  i)ots.  The 
system  comprised  1,097  miles,  including  the  51  miles  from  ^Nfayaveram 
to  Mutupet,  with  track  lanl  as  follows: 

Miles. 

C'rtst-iron  i»ot  Ties   (188.  5 

Steel  cross-tics   'MS 

Cast-iron  Donhain-Olph.  rts  iilatt-.t ics   47 

Wooden  tit  s   03.  5 


Total     1,(>!>7 

According  to  a  writer  iii  Indian  Engineering,"  this  road,  when  orig- 
inally built  on  the  l)roa<l  gauge  of  5  lect  (>  inches  (being  then  the  Great 
Southern  of  India  Kailw;iy),  was  considered  the  cheapest  line  ever  con- 
structed 111  India,  llie  cost  was  stated  in  my  original  report  at  833,500 
per  mile.  Sand  ballast  was  available  along  the  whole  line,  and  Sir 
George  B.  Bruce,  the  consulting  engineer,  wisely  adopted  the  i)lan  of 
using  the  cast-iron  \u)t  ties  that  had  been  found  so  successful  with  sand 
ballast  on  the  Egyptian  railways. 

They  served  tlieir  purpose  ns<'fiilly  and  econoniieall y,  and  a  steadier  and  belter 
permanent  way  we  have  seldom  traveh'd  over  in  this  country.  Hut  diHiculties 
appear  to  have  arisen  since,  and  the  same  ailnient  that  was  expected  to  affect  the. 
East  Coast  Railway  metal  sleepers,  has  now  arisen  on  the  South  Indian  Railway. 
We  may  point  out  that  there  are  <  ertain  <listricts  traversed  hy  this  road  where  clean 
stone  ballast  would  be  an  expensive  remedy  for  a  siin])le  evil. 

According  to  a  statement  from  ^Ir.  Logan,  the  chief  engineer,  sent 
to  me  in  November.  LS91.  by  ^Ir.  T.  II.  LeMesurier,  agent  of  tin'  ('om- 
pany,  the  length  of  the  railway  at  the  end  of  June,  1891,  was  1,011.51 
miles,  and  the  Ibllowing  lengths  of  track  with  metal  ties  were  in  the 
main  line  at  the  end  of  December,  1888,  and  June,  1894: 


1.  Cast-iron  i)ot  .sloojicj-rt,  80  pi>nn<1s  each,  for  GR-poiuifl  douMe-hpadetl  raiLs.. . 

2.  Casi  -iroii  pot  sleejiers,  70  ponnds  each,  for  5()-ji<>iin(l  ImlMii-aded  rails  

3.  Ca.st-iron  pot  .sleepers,  57  pounds  each,  lor  41-poiin<l  tl.injie  rails  

4.  Transverse  .steel  slee])ers,  70  jtoiinds  eaeh.  for  41-i)fiiind  tian<re  rails  

5.  Denhaui-Olpherts  cast-iron  plate  .sleepers,  for  41-]totnid  Hange  rails  

Total  metal  track  mih 


December, 

Jiuie, 

J  888. 

1894. 

Miles. 

MiUi. 

121.73 

115. 56 

.  169.  no 

417.  96 

C.  30 

5. 10 

5. 80 

332.  36 

45. 03 

303.  88 

916.  01 
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1.  The  icdiict  ion  ill  iii  i  Icii.ur  ol'  (lies*-  lu-MNicr  ca.vt  iron  lies  is  <lii<'  to 
the  IcMi^tli  on  tilt'  iiniiii  liiir  iK'twcrii  1 1  jorc  ;i  lid  'I'licliiiiopoly  Immiii; 
taken  oil!  in  the  renewals  witli  material  I'or  od  poiiiMl  rails.  Tlietit^s 
tliiis  released  were  relaid  (»n  tlie  Nena|»ataiii  l)raiieli  in  i)laee  < i|"  decayed 
[tine  ties.  'I'his  type  ol' t  rack  lias  now  l)eeii  in  ser\iee  for  I  w  eiity>e\ en 
and  three  tnin  t  hs  years  and  has  not  shown  any  si^ns  of  decay  or  dete- 
rioration. 

1.  The  iiua-ease  in  inilea^-e  of  the  ine(liiiin  weiuhl  east  iron  ties  is 
due  to  renewals  of  the  tracl^  witli  wooih'ii  ties  on  tlie  main  line.  This 
tyjx' ol'  metal  track  w  as  i  ii  t  rod  need  in  ISSO,  and  is  now  the  stamhird 
tyj)e.  and  will  be  used  in  all  I'liture  I'eiiewals.  The  heavy  renewals  of 
tlu'se  ties  durin.u'  the  jiast  iialf  year,  as  shown  in  tlie  Ibllowin^  table, 
were  ])robably  due  to  slii^htly  deteetiv(^  ties  havin<if  heen  laid. 

.'>.  The  reduction  in  milea^'e  is  due  to  renewals  with  material  of  type 
No.  2  for  .">()  j)oiiiid  rails.  These  lii>ht  cast-iron  ties  for  41-[)ouii(l  llange, 
or  T  wei-e  hiid  in  ISS."),  at  the  same  time  that  the  first  consio  nmeiit 
of  steel  ties  was  recei\e(l.  'I'hese  pots  ha\'e  not  shown  si^iis  of  decay, 
but  the  renewals  of  the  past  live  years  coni[)are  unfavorably  with  the 
renewals  of  the  other  tyi)e  of  pot  sh'epers,  which  was  no  (h)ubt  due  to 
the  section  of  the  lighter  ties  being  rattier  weak. 

\.  The  increase  in  mileaiie  of  track  hiid  witli  the  steel  ties  is  due  to 
the  openiii*.''  for  trafiic  of  the  N'illupuram  Dhariiiavaram  section  and  the 
Nellore  bramdi  (formerly  the  Ou(l(hi[)ah-Nellore  State  Railway).  The 
len<itli  laidon  the  old  South  Indian  llailway  main  line  \vas  removed  in 
1S8!>  for  reasons  given  below.  These  transverse  steel  ties  have  lugs 
riveted  on  to  Ibrm  chairs,  and  an  examination  of  them  in  1887  led  to 
the  discovery  that  many  of  those  laid  in  the  station  yard  at  Trichin- 
opoly  junction  were  comi)letely  punched  through  under  the  wrought- 
iioii  luiis  torming  the  (diair.  In  some  cases  the  ties  were  rusted  right 
through,  w  hile  in  others,  which  were  not  rusted  so  much,  the  lugs  were 
punched  thiough,  or  cracks  had  formed  in  the  ties  under  the  rail.  The 
condition  of  the  ties  on  the  main  line  was  nothing  like  so  serious,  yet 
Jiiaiiy  ties  were  found  «lefective,  being  cracked  under  the  lugs,  or  rail 
seats,  the  ties  laid  on  curves  being  generally  craid^ed  round  the  lugs  of 
the  inner  rail.  The  Trichinoi)oly Junction  yard  is  baliasted  with  hiterite, 
and  this,  with  laclc  of  di'ainage,  was  unfavorable  to  the  life  of  the  tie. 
All  the  ties  were  removed  from  this  yard  and  from  the  main  track,  and 
are  now  being  used  on  sidings  w  here  better  drainage  can  Ixi  given.  A 
l)ortioii  of  the  Nellore  branch,  above  referred  to,  is  laid  with  the  Rendel 
steel  ties  of  the  Indian  State  Railway  pattern.  This  section  was 
op<'iied  lor  traflie  in  Se|>tember,  18.S7-  and  in  June,  1S!I;{.  two  of  the  ties 
wei'e  found  ^•<'r\■  much  corroded,  having  gi\-en  way  under  the  rail  seat 
and  being  eaten  through  with  rust,  so  that  they  had  lost  -o  i)ounds  in 
weight.  Tlie  embankment  from  which  t  liese  were  remo\ cd  is  ballasted 
with  stone,  but  there  was  a  con>idei'able  mixture  of  clay  and  gra\el  in 
the  bedding.  A  furtln'r  examination  was  made,  witli  the  result  that 
ten  ties  were  found  in  \ery  bad  condition.  ha\  ing  lost  I'rom  10  to  U2 
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pounds  ill  weight.  Since  then  the  ^elle^Yals  have  been  increasing",  as 
shown  below.  The  Vinupurain-Dharnuw  arain  section  is  also  laid  with 
steel  ties  of  the  State  Railway  pattern,  tliese  ties  having  been  laid  in 
March,  1S91.  At  Chittoor  station,  dnring  the  inspection  of  Angiist, 
1803,  it  was  observed  that  the  ties  were  beginning  to  show  signs  of 
corrosion.  Tiie  station  yard  was  ballasted  with  sand.  The  lugs  on 
the  ties  of  this  pattern  are  inclined  to  oi)en  under  traflic,  and  the  keys 
become  slack.  The  track  is  not  noisy  under  trains  if  it  is  well  ballasted 
and  the  ties  are  coN'ered.  All  switches  and  crossings  are  laid  on  teak 
ties. 

'). — The  Denliain-Olplierts  cast-iron  ])late  tie  is  laid  on  a  i)ortion  of  the 
Xellore  branch.  Tiie  renewals  are  high,  owing,  probably,  to  the  tie 
being  of  a  weak  section. 

The  folh^wing  table  shows  the  record  of  semiannual  renewals,  being 
the  i)ercentages  of  the  mnnbers  of  ties  of  each  t>pe  in  the  track: 


liem  u'dU      iHi  ttil  In  s,  SdiiIIi  iinlidii  Hii  'ilwaii. 


lli-iifwals  fur  I'.-ilt' years  i-mliii^  in 

Cast-iron  pot  ties. 

Steel, 
ties.* 

Cast-iron 
plate  ties. 

Typo 
No.  1. 

Type 
No.  2. 

Typo 
No.  3. 

TyDO 
No.' 4. 

Typo 
No.  5. 

DoronilMT,  18«n    

0.012 
.030 
.008 
.010 
.014 
.029 
.017 
.  03.') 
.012 
.024 

0.  0.-j3 
.025 
.003 
.005 
.019 
.009 
.001 
.  009 
.  002 
.007 

1.090 
.390 
.040 
.173 
.102 
.071 
.055 
.  158 
.112 
.  200 

0.  243 
.612 
.750 
.420 
.207 
.  301 
.207 
.  251 
.174 
.369 

.Iiiiic.  1H90    

Diceiiihor,  189«)  

.luiie,  1891  

.Tiiiu'.  1892   

D.M-ember,  1892  

.Tniio.  lS9:t  

I).-ceml»or.l893   

.004 
.017 
.130 

June,  1894   

*  Nellorc  Itrancli  only 


SouTiTEUN  M  A  irijATTA  K  Ai  L  WAY  *  (gauge,  3  feet  3||  inches). — In  June, 
1S!)1.  at  a  meeling  of  the  company  in  London,  the  president  stated 
that  all  till'  i)ine  ties  had  been  renewed  with  steel,  except  on  the  Mysore 
Railway,  Avhere  creosoted  i)ine  and  teak  are  used,  and,  as;  the  renewals 
had  to  be  made  with  teak  ties,  they  had  tD  wait  for  supplies  from  tlie 
Mysore  forests.  The  number  of  pine  ties  then  remaining  was  150,000, 
and  it  was  estimated  that,  Judging  from  past  ])rogress,  it  would  take 
three  years  to  comjjlete  th<'ir  entire  renewal.  On  the  (iuntakal 
and  IMysore  frontici'  line,  \  V.)h  miles,  opened  to  Dliaiinavaiani  in  1<S02 
and  to  Ilindupur,  on  the  frontier,  iulS03,  the  track  is  of  41j-pound  T- 
rails  on  the  Rendel  or  ''pea  pod"  steel  ties.  During  the  year  ending 
March  31,  1894,  heavy  renewals  of  ties  were  carried  out  on  six  miles 
between  Belgaum  and  Sulebhavi,  the  teak  ties  being  replaced  l)y  steel; 
also  on  the  Sal  pa  and  Aland  i  ghats,  where  the  Australian  karri  wood 
ties  laid  in  1880  were  so  fai-  deterioi  ated  by  excessive  inoisturf'  that 
they  had  to  be  reidaced. 
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I  I  i>. 

I)eillttlin-(>li)lirit-<  //cs'.  — Tho  l'.)]  !o  w  i  ii  l;  st  m  t  fiiicii  t  d'  llic  en-,!  <>l  lil.l  l  ll  I  riianii-  oT 
t  r;ifU  w  1 1  li  cast  i  I  .iinl  w  i  t  h  w  oDili-ii  t  ii'-^  w  .IS  ciiiiiHlril  iVoin  acliial  lonlts.  TIk' 
cost  of  till'  track  wUli  ti.  s  was  tal^(•ll   iVum  a'connls  jci-  17'    iiiilc->.  'I'Ih- 

li;jfUleH  as  to  tinnni'tal  firs  witi-  taken  IVomi  a  I  nir  l' ).">  m  i  Ics  Idiiu,,  laid  with  the  Dcn- 
liaiii-(  >l|>licrts  t  ics  :  :">'){  m  i  h^s  <  1 1"  t  h  i  s  wcr.'  doii  !)hd  ra  <■  k  ,  -^m  \  i  ii  ifa  1 1,\  L'.V) '  mih-s  of 
li;iik    Ihr  wiu.ih'n  tics  oil  whicli   were  llie   lew  at   lV<)i;s  and  switches.  Tlie 

tial]i'  1^  liea\ \  .  'I'he  tV<'i  L;h  t  enunu^s  wei  ■j.h  7  1  I  ons  (  i  nc  1  in  11  n '4  I  eiuh-r  i  a  n  1 1  have  IT. 
tons  on  the  (Il  ls  iiiu  w  heels.  Tluiy  haul  ti-ains  of  l.Oii,;  tons  <  acli  i  I'onsist  inM-  of  r.'j 
car--.  111. ike  v.iii  or  c.i  hoosc.  ami  ;iii  ollicers'  cai'),  the  a  \  era  ^e  wciuhl  ii|ioiieacli  paii' 
ol  Ircp^hl  C.I  r  wheels  Itciim  !•  t  oiis.  I'or  t  ho  stattMlieiil  1  am  i  mle  1 1 1  ed  t  o  .M  r.  lieiiiiam, 
av  m.icil  111  ihc  i.ai.iurai.h  on  (he  Delhi.  I'mhalla  ami  Kalk.i  i»'.iilway. 

( 'inn  jinrntiri  msl  f'nr  m  ■[  i  n  1 1  n  n  n  n  jirr  iinli  ni'  si  lu/lc  Irdck  icilh  Pnilifiiii  >  )l  pli  irl  s  cast  inni 
pliilc  lits  (iinl  icilli  ifixxliU  H(x. 

I  From  -.1  slMli  inciil  jpivpiMril  l.\  Mr.  1  )riili:iiii.] 
W  i  l  li    \\"(  •(  iIU'.N  riKS. 


Tie.'*,  sal  (tho  bo.it  Indian  wood)  

Cliai/s  (T'l-iiotind  donblf  hcad  rails) 

Sj>iko.s  

Kpv8  


Wi  l  li  i)i':.\ii.\  M oi.rii  KK  I  S  luox  ri  ks. 


riutos  '  'a.st  iron)  

.laws  (ra.st  iron)  

Til-  bars  (\vronj;lit  iron)   No  limit. 

Keys  (wroHf^lit  iron)  

Cotters  (wrought,  iron)  


Dnra- 

bility. 

no.wals. 

Yearn. 

Per  cent. 

12 

8.  330 

:{4G 

.  2S9 

340 

.294 

14i 

7.  013 

50. ,-) 

1.9S 

C2.  5 

1.60 

No  limit. 

210.9 

.474 

490.1 

.204 

Co.st  of  ui<(inl(  ii(i IHC  per  mill-  per  near  for  17^  ytun-x. 


W  ITH    NNOODKN  TIES. 


Ties   ^f:U  1.  85 

(hairs     2.31) 

Sjukcs  13 

Keys   3.  13 

lolal   317.00 

Deduct  lor  old  material  returned  to  store   20.38 

Net  cost    2!tO.  ()2 


W  i  l  li  i)i'.\ II  \  M  < )i,i'm:i;  I  s  ii:o\  rii:s. 


iJonowals  jier  mile  per  year   $34.06 

J)e(luct  loi  <dd  material  relunied  to  store   !(!.  12 

Net  roHt   17.  94 
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DENHAM-OLrilERTS  IKOX  TIES. 

In  favor  of  iron  ties  per  mile  per  year   $272.  68 

Saving  in  handling  less  quantity  of  ballast   20.  00 

Total  saving  in  favor  of  iron  ties,  maintenance   292.68 

Ori^nal  cost  of  track  with  wooden  ties,  per  iiiilc   $4,  976 

Original  cost  of  track  with  metal  ties,  per  I'liilc   4,  -184 

Saving  in  favor  of  metal  track   492. 00 

Cost  of  ballast  for  wooden  ties,  'per  mile   2,  739 

Cost  of  hallast  for  metal  ties,  p.-r  mile   2,301 

Savin-;  in  lavor  of  metal  track   438.00 


Total  saving  in  favor  of  first  cost  of  metal  t  rack,  per  mile .  930.00 

Moore's  ties. — The  cast-iron  plati^  ties  invented  by  Mr.  (ieorge  E.  Moore,  di'pnty 
consulting  engineer  for  railways,  and  tried  on  the  Bengal  and  Northwestern  Kail- 
way,  are  similar  to  the  I)eiiham-( )li)h('rts  ties  in  general  i)rinciple,  but  the  rails  are 
set  lower  and  the  Hat  tie  bar  liigher,  the  ends  of  the  latter  butting  against  the  rail. 
Each  tie  consists  of  two  plates  2  feet  10  ineh«'s  long  and  12  inches  wide,  weighing 82 
pounds  each;  a  wrought-iron  tie  ])ar  live  eighths  by  2  inches,  weighing  24f  pounds, 
and  two  cotters,  weighing  2  jionnds  vM-h.  The  weight  of  one  tie  complete  is  192|- 
pounds,  and  with  1,93(5  ties  to  the  mile  the  weight  of  ties  per  milo  of  track  is  166 
tons.  The  change  of  ga  ige  on  curves  is  elTected  by  turning  the  tie  bar  upside  down, 
the  lugs  then  bearing  against  the  llango  giving  a  gauge  of  5  feet  6.^  inches. 

.  Jroodrtt  iirs. — The  following  notes  show  the  general  practice  in  regard  to  wooden 
ties,  and  none  of  tlie  roa<ls  mentioned  below  use  any  metal  ties: 

Assam-Bengal  Railway  (gantre,  3  feet  3iJ  inches):  Seven  Ininilred  :ind  forty-two 
miles,  to  be  laid  with  r)0-]»ound  rails  on  ties  of  sal,  teak,  ])yng;i(lo  mnl  nagessnr  (or 
nahar). 

Jiengal  Central  Rajiway  (gauge,  ."»  leet  (J  inches):  One  hundred  aid  tweuty-livo 
miles,  62-pouud  T-rails  on  creosoted  pine  ties,  but  sal  ties  are  l)eing  used  in  renewals 
and  on  curves. 

liengal-I  )ooars  Rail  way  ( g.'iuge,  3  feet  .'{if  inches):  Tliirty-niin'  miles,  llj-pound 
steel  T-rails  on  sal  ties  in  stone  ballast. 

Cooch-I>ehar  Kail  way  (gaug<',  2  feet  6  inches):  Twenty-two  and  one-half  miles, 
25-ponnd  steel  T-r-^i's  on  sal  and  ironwood  ties  in  sand  ballast. 

Darjoeling-lliuialayan  Railway  (gauge,  2  feet):  Fifty -one  miles,  lO-pound  rails 
on  sal,  oak,  and  chestnut  ties,  bat  sal  only  is  used  in  renewals. 

Hj^derabad-Umarkot  Railway  (gauge,  5  feet  6  inches) :  Fifty-nine  miles,  60-])ound 
rails  on  deodar  ties. 

Mayarkram-Mutupet  liailway  (gauge,  3  feet  3'<  inches):  Fifty-five  and  thret;- 
fourths  miles,  to  be  laid  with  40-j)ound  iron  T-rails  on  pynkado  ties. 

Nilgiri  Railway  (gauge,  3  feet  3i{  inches):  Sixteen  and  one-half  miles,  K)-])Ound 
steel  T-rails  and  Abt  rack  rail  on  pynkado  ties,  laid  on  stone  ballast,  between  dw\'irf 
walls  18  inches  liigh. 

Rajpora-I>hatinda  Railway  (gauge,  .5  feet  6  inches):  One  hundred  ;ind  eight  miles, 
68  and  75  })ound  rails  on  deodar  ties. 

Rohilkund  and  Kuinaon  Railway  (gauge.  3  feet  3^  inches):  Two  liundred  and 
twenty-one  miles,  41:i-pound  steel  rails  on  sal,  teak,  and  deodar  ties. 
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Ceylon  Governmisnt  IJailways'  (^niiuc  T)  leer  <J  inclics;. —  In  my 
loriiicr  r('j)()rt  it  was  stated  thai  up  to  ISIM)  no  metal  tics  were  used,  all 
liic  tit'S  Ix'iii^  (>r  Hallic  |»iiie  or  iiatixc  oi'  Auslraliaii  lia  I'd  woods.  Since 
tlieii.  liow(^\('i-.  the  ad\anta,ncs  of  metal  ties  liaxc  hccn  rcconni/cd,  as 
shown  Ity  the  Idllowinn-  extract  iVom  the  repoit  ol"  Mr.  W. 'J\  i'earce, 
U'cneral  mamiLicr.  for  the  year  1S1)l\  at  winch  time  there  wei'e  miles 
of  railw  ax'  in  operal  ion  : 

Wiii  ii  ill  I'.iiLclaml.  in  iss7.  1  drvoitMl  considorabh^  tiiiio  and  at  (cut  ion  to  the 
cxamiiiat  ion  oftlif  various  nirtal  sleoj^ors  in  uso  and  j)atontc(l.  I  then  s.ttislicd 
niys«'lf  that  certain  lrans\crs(>  stt-i  l  sIccixMs  would,  nndc^r  snitablc  circnnistanccs, 
niak»>  a  stroni^.  r»  lialdf,  and.  in  the  end,  cheai)  road,  from  tho  small  attention  which 
it  woulil  re(|uire  to  keep  it  in  ord(M-.  and  the  extra  length  of  the  life  of  the  sleepers; 
these  condilions  al8<»  greatly  redueirig  the  responsihilities  of  the  maintenance 
(le])artm»'nt.  1  di<I  not.  however,  satisfy  myself  that  metal  slee])ers  would  make 
such  a  satislactorN  i  niming  road  as  wood,  as  the  tendency  of  railwtiy  experts  was 
to  discourage  their  use  so  long  as  good  timber  ties  were  ohtaiuablo  at  a  fair  price, 
on  the  grounds  that  metal  sleepers  were  apt  to  chatter.  [This  chattering  does  not 
occur  with  efticient  fastenings. — k.  e.  ii.  t.]  The  scarcity  and  high  price  of  good 
hardwood  ties  in  Ceylon  has,  however,  induced  me  to  call  upon  the  Crown  agents 
to  fnrnisli  the  railway  ^\  itli  a  trial  shipment  of  several  of  the  most  apjiroved  types 
of  steel  sleepers,  which  will  be  tested  in  various  suitable  sections  of  the  railwa.y 
line.  I  h<»]ie  most  sincerely  that  the  trial  will  be  a  satisfixctory  one,  and  enable  us 
to  adopt  the  steel  sleepers. 

STRAITS    SETTI^EMF.XTS    (FARTHER    IXDTA    OR  MAT.AV 

PEXINSIIT^A). 

Si'NCEi  r.i()N(;  Railway  (gau.ue,  3  feet  3||  inches). — This  railway 
is  situated  in  the  state  of  Siin.uei  UJoiig,  aud  extends  from  Port  Dick- 
son, on  the  coast,  to  Seramban,  25  miles  inland,  the  entire  len<;th  being 
laid  with  steel  ties  of  the  Rendel  type  (PI.  22  of  <)ri<^inal  report).  The 
line  is  owned  by  the  Sungei  TJjong  Railway  Company,  and  I  am 
indebted  to  Mr.  C.  Maitland,  the  manager,  for  a  statement  dated  April, 
1S'.)4.  The  route  is  very  tortuous,  having  many  curves  of  528  feet  and 
feet  radius,  with  sharp  reverse  curves  and  a  ruling  grade  of  1  in 
SO,  or  1.2.~)  per  cent.  The  (consulting  engineers  were  ^Fr.  William  Shel- 
ford  and  Sir  (;.  Hutton  Gregory,  both  of  London.  Tln^.  traflic,  consists 
of  fonr  to  six  mixed  passenger  and  freight  trains  ])er  day,  hauled  by 
engines  weighing  al)out  22.J  tons,  with  wheel  loads  as  follows: 


I'liinids. 

Leading  wheels   lo.  17(5 

Driving  wlieids   IT).  120 

Trailing  wheels   1").  17»i 

Truck  or  "  bogie  "   r>, 


Total   no,  1»SS 


Th(^  track  wa-^  laid  in  1  SS!)-1  S!);),  aiid  consists  of  l  -rails  weighing  41.^ 
pounds  per  yard,  carried  on  steel  cross  ties,  which  ties  were  adopted 
on  account  of  the  destructi  veness  of  the  white  ants  and  the  alternations 
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of  very  wet  and  \ery  dry  weather.  The  rails  are  laid  with  suspended 
joints,  spliced  by  fish  pUxtes  and  angle  bars  IS  inches  long-,  the  former 
weighing  5J  pounds  and  the  latter  13  pounds  each.  Half  of  the  line  is 
ballasted  with  small  mining-  sand,  covered  with  heavier  mining  gravel, 
to  prevent  loss  of  the  sand  by  heav}^  rains.  The  other  half  of  the  line 
is  ballasted  with  a  rod  clayey  gravel  of  laterite  nature,  that  with  the 
least  soil  in  it  being  chosen.  This  is  not  very  good  material,  as  it  gets 
slightly  muddy  in  wet  weather,  aud  i>ulverized  during  the  dry  weather. 
The  sand  is  the  better  ballast,  though  it  requires  renewing  frequently. 
Till*  ballast  is  about  IS  inches  deep,  loosely  filled  in  at  the  center  of  the 
tie,  and  well  tamped  at  each  side  of  the  rail  seat,  covering  the  top  of 
the  tie  about  2  inches  at  the  middle  and  sloping  downward  so  as  to 
leave  a  clear  space  below  the  rail  and  to  leave  the  key  attachments 
exposed.    The  ties  arc  si)aced  as  follows: 


length  »»f 
rail. 

Tii'8  iicr 
rail. 

From  tt-n- 
tor  t«»  renter 
of  tie. 

Feet. 

Xuwber. 

Feet.  In. 

30 

11 

2  10 

10 

2  10 

24 

9 

2  10 

21 

2  9 

2  ft 

The  tics  are  of  trough  section,  5  feet  Cth  inches  long  over  all,  with  the 
elids  rounded  <lo\vn  and  corners  flared  out  to  a  total  width  of  12^ 
inches.  In  section  the  tie  is  7-]  inches  wide  at  the  bottom,  4  inches  wide 
at  the  rail  seat,  4^  inches  deep  at  the  middle,  and  41  inches  deep  at 
the  ends.  The  metal  is  three  sixteenths  inch  thick,  except  for  the  top 
table,  4  inches  wide,  which  is  three-eighths  inch  thick.  Two  lugs  are 
stampedupout  of  the  toji  table  at  each  rail  seat,  and  each  rail  is  secured 
by  a  taper  steel  key  (i  by  j  byl^  inches  (split  for  I  j  inches  at  the  small 
end),  driven  between  the  rail  llange  and  one  of  the  lugs,  the  key  being 
five-eighths  inch  thick  at  the  side  of  and  three-eighths  inch  thick  above 
the  rail.  The  ties  weigh  G3  pounds  each,  and  the  keys  three-fourths 
pound  each.    On  tangents  and  curves  of  over  feet  radius  (.'U 

degrees)  both  keys  are  driven  on  the  outside  of  the  rails,  but  on  curves 
of  less  radius  the  key  of  the  inner  rail  is  driven  on  the  inside  of  the 
rail.  The  ties  were  manufactured  by  the  Tredegar  Iron  Company,  of 
South  Wales,  and  were  treated  with  a  varnish  solution  as  a  preserva- 
tive against  rust  or  corrosion. 

The  general  results  have  been  most  satisfactory.  During  the  first 
year  the  steel  ties  required  more  attention  and  more  men  per  mile  than 
wooden  ties,  but  it  is  found  after  three  years  experience  that  the  expend 
iture  is  almost  a  constant  figure,  and  a  further  reduction  of  the  staft" 
is  feasible.  Tangents  are  slightly  difficult  to  keep  well  in  line.  The 
keys  seldom  work  out.  though  none  of  them  have  been  oi)ened  out  at 
the  split  ends,  as  they  do  not  stand  being  opened  aud  closed  often 
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when  r:iil>  aic  i cih' wed.  ct  r,    TIhtc  is  no  t  khiI )It'  w i I  li   in;iiii  tciiaiirc, 

at'lCl-  t  lit'  t  it's  I  )t't'Il  W  fl  I    pilflvt'd    lllf\   If(|llii  f  lit  I  If  ;it  I  t'lll  U)ll, 

w  li  i  Ic  t)\\i  II  l;'  to  t  lici  1"  .u'l'i  I'  <hi  I  lit'  1  );i  I  hist  no  cift'i  )i  ii  is  not  it-tM  I .  ;i  ik  I  I  nt' 
closi'tl  cutis  pit'Nt'iit  sIt'W  i  iiu  or  t'r;il  uiolioiitni  cuiNfs.  'I'lit-it'  lia\(* 
bt't'ii  nt»  tlfiaiimt'iits  in  llirt'c  and  a  half  vcais,  ami  tli'i  ailnicnls  only 
caiix'tl  sli-hl  iiidcnl  at  inns  of  t  lit' t  it'>.  run  t)\  ('r  l>y  t  lie  w  iift-hs.  niaUiii^'  no 
altt'ial  ion  in  1  ln'  i^aiiuf.  'I"ln'  best  haitlwtKxl  tics  nt)l  treated  l»y  i)re- 
ser\ati\'e  proeesses  do  ni>t  last  more  than  six  years  and  cost  about  .">() 
cents  each.  In  Apiil,  ISDl.  the  st(>el  tiesweic  in  as  ^'ood  comlitioii 
as  w  lien  t  hey  w  fit-  laiil.  ami  t  lieif  is  no  t  ronl)ie  Irom  rust,  ('\ee])t  at  the 
\vhar\('S,  where  the  spray  rrt)iii  the  w  a  \'es  oeeasionaily  wt-ts  tliein. 

SiriMATIlA. 

The  railways  of  this  Diiteh  colony  are  owned  by  the  Innne  govern- 
ment, ami,  as  noted  in  former  report,  are  laid  with  Post's  steed  ties 
imported  tVom  Holland.  The  ballast  is  of  broken  stone,  <>Ta,vel,  and 
volcanic  sand.  The  rails  are  of  T-seetion,  weighin*;'  ol.J,  pounds  per 
yard,  and  bein<;-  4.1  inclu's  lii^h,  ;>.<)  intdies  wide  over  the  base,  and  23 
feet  lon^-.  They  are  spliced  by  steel  an<'le  bars  and  attached  to  the 
ties  by  bolteil  chimps  wliitdi  admit  of  widenini;'  the  gauge  as  much  as  1 
inch  on  the  siiarp  cur\  es.  The  ties  are  ()  feet  3  inches  long,  4  inches 
w  ith- on  loj)  at  tlie  rail  seat  and  9.5  inches  Avide  over  the  "bottom,  and 
.'».  I  im  lies  deep  at  the  rail.  Those  for  the  rack  are  4.()  inches  wide  on 
top  at  the  middle,  but  the  others  are  5.4  inches  wide  and  5  inches  deep 
at  the  miiltlle.  Those  Ibr  ordinary  track  are  narrower  and  deeper 
at  the  middle  tlian  at  the  rail  seats,  but  those  for  the  rack  rail  divisions 
are  of  uniform  section  throughout  to  afford  a  seat  for  the  chairs  carry- 
ing the  rack,  which  is  of  the  Marsh  (or  lliggenbach)  ladder  type.  The 
ordinary  track  weighs  211.3  i)()unds  i)er  yard,  and  native  laborers  can 
lay  3,2S()  to  4,920  feet  i)er  day  of  ten  hours.  The  track  Avith  rack  rail 
weighs  370.3  i)ounds  per  yard,  and  can  be  laid  at  the  rate  of  984  to  1,312 
feet  i)er  day.    Switches  and  turnouts  are  laid  on  steel  ties. 

In  Xo\  end)er,  1894,  Mr.  J.  W.  Yzernian,  of  Solok,  Sunnitra,  furnished 
uw  with  data  legarding  these  lines.  One  hundred  and  ten  and  thirty- 
six  one  hundredths  miles  were  laid  Avith  ste(d  rails  in  1SS8-1S91,  ^Fr.  A. 
Kunt/e  being  the  engineer  in  charge.  Sharpest  curves,  390  to  (].">()  feet 
radius;  steei)est  grades,  7  to  8  pei"  cent  on  rack-rail  sections  and  1.2 
to  .»  i)er  cent  on  adhesion  sections.  There  is  a  heavy  freight  and  pas- 
senger tratlic.  The  heaviest  engines  weigh  r)7,7r)0  pounds,  with  42,200 
pounds  on  the  driving  Mheels.  The  steel  rails  weigh  8().4  and  87.2 
pounds,  and  are  s[)a('e(l  at  3.28  feet  and  2.87  ieet.  Tliey  are  of  mild 
steel,  plunged  in  a  bath  of  hot  coal  tar.  One  hundred  thousand  ties 
were  rolled  at  the  Uoerde  Works,  and  121,000  ])ressed  l)y  th(»,  (lut- 
ehotViiung  Works,  costing  98.89  cents  and  102..")1  cents  on  the  dtK'k  in 
Holland.  The  expense  of  maintenance  is  >?130  per  mile  per  annum, 
inclmliug  cost  of  ballast, 
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JA^  A. 

The  niilways  of  this  Dutch  coU^iiy  are  under  the  clireetiou  of  the 
jS^etherlauds  state  railways,  of  lloUaiul,  througli  tlie  colonial  depart- 
nieut  of  public  works.  They  are  of  3  feet  (5  inches  gauge,  and  it  has 
been  said  that  they  are  laid  with  Post's  steel  ties,  similar  to  those  used 
in  Sumatra,  but  ^Ir.  Yzerman,  in  describing  the  Suniatra  railways,  as 
noted  above,  says  that  no  steel  ties  are  used  in  Java. 

CHINA. 

Port  Arthur  Kailway  (gauge,  .3  feet    inch).— This  Hue  has  4,220 
of  the  Boyenval  and  Ponsard  steel  ties  {see  France),  which  were  laid 
in  1S80  for  a  length  of  2  miles  2,1G0  feet.    They  are  O  feet  long  and 
oweigh  70  pounds  each,  including  the  fastenings  and  base  ])lates  for 
-10-pound  T  rails. 

TOXKIN. 

Ha-Noi  Tramvtays  (gauge,  2  feet  and  3  feet  3j|  inches).— On  the 
Ha-Noi  street  railway  ."32  of  the  Hoyenval  and  Ponsard  steel  ties  {see 
France)  were  laid  in  1803  for  a  length  of  150  feet.  They  carry  two 
tracks  of  2  feet  and  3  feet  3j^  inches  gauge,  and  weigh  57  pounds  each. 

.IAI*AX. 

Usui  Railway  (gauge,3  feetO  inches). — Tliis  railway  has  been  built 
as  a  link  between  the  northwest  and  southeast  coast  lines  of  railway, 
and  is  situated  on  the  east  slo})e  of  the  central  range  of  mountains  which 
foi  iiis  the  backbone  of  the  main  island.  The  ascent  is  very  dilhciilt 
and  the  line  has  to  rise  1,800  feet  in  live  miles.  The  Abt  rack  lail  sys- 
tem was  therelbre  adopted,  and  tlie  line  was  comi)leted  in  the  si)riiig  of 
1803.  The  line  is  7  miles  long,  with  20  tunnels,  and  the  rack  rail  is 
laid  for  5  miles,  the  grade  being  (».G()  per  cent,  Avith  short  pieces  of  level 
at  the  i)assing  places.  The  track  is  of  T  rails,  secured  by  Post's  clamps 
and  T-headed  bolts  to  Vautherin  steel  ties,  spaced  2  feet  10^  inches 
center  to  center.  The  ties  are  7  feet  2^  inches  long  and  weigh  100.12 
pounds  each.  The  rails  are  sjiliced  by  angle  bars  and  six  bolts.  The 
rack  is  c<nni>ose(l  of  three  bars  sup[)orted  in  cast-iron  chairs  bolted  to 
the  ties. 


Skction  T)— sol  ril  A.MKiiKW.  (MINTWAL  AMKlM(.v\, 
\\  i:sr  IN  1)1  MS,  AND  .MKXICO. 

(ii;M:i:  \i,  L'i;m  \i:i<s.  —  in  the  ('(Hint rics  incliulcMl  in  l his  ucoiirapliical 
(li\  isi()ii  iiii'tal  (I'.ick  is  alicady  ('\ttMisi\ cly  used,  and  its  use  is  steadily 
iiKTcasinii'.  lioth  cast  iron  and  steel  are  used,  but  the  former,  while 
e\tensi\  ('ly  ado|»te(l  in  tlie  ])ast,  is  not  beinii  used  on  roads  inakin*;' new 
cxperinients  in  this  direction.  In  sncii  cases  steel  cross  ties  of  tron.iih 
section  are  i^'enerally  selected.  In  certain  districts  where  ^ood  timber 
is  no<"  obtainalde  it  is  bein^-  found  ecouoiincal  to  in>|)ort  the  metal  ties^ 
liius  obtaining'  a  better  ami  more  permanent  track,  Ivailway  eon- 
struction  in  South  Anu'rica  has  been  (-omijarati vely  small  (biriii<;-  the 
|)ast  tew  years,  owinii  to  tinaucial  and  political  complications,  but  late 
in  18IU  an  order  was  placed  witn  an  En<'iish  firm  for  steel  ties  for 
a  i>lantation  railway  in  South  America,  the  locomotives  and  cars  for 
which  are  to  be  built  by  firms  iu  the  United  States.  In  Central 
America  \-ery  little  has  been  done.  In  the  West  Indies,  however, 
there  has  been  .greater  activity,  and  steel  ties  have  been  largely 
used  on  the  new  lines,  botli  tor  ordinary  and  agricultural  railways. 
In  Mexico  the  Mexican  Kailway  Company  is  steadily  pursuing  its 
l»olicy  of  introducing  steel  ties  in  renewals. 

ARGENTINE  REPUBLIC. 

(ri:\KRAL  Remarks. — In  only  one  case  has  a  si)ecial  return  been 
made  iu  regard  to  the  progress  of  the  use  of  metal  ties,  and  that  shows 
an  increase  of  8S  miles  of  track  with  cast-iron  bowls. 

Two  railways,  the  names  of  which  are  not  stated,  are  rei)orted  by 
Ponsard  tS:  Co.,  of  Paris,  to  have  laid  some  of  the  Boyenval  and  Pon- 
sard  steel  cross-ties  {sec  France).  Both  railways  have  a  gauge  of  4 
feet  S._|,  inches.  Own  line  has  4,500  ties  T.ol  feet  long,  weighing  93 
])oun(ls  with  fastenings  and  base  plates  for  thcT  rails;  these  were  laid 
in  ISS!)  for  a  length  of  2  miles,  1,000  feet.  The  other  line  lias  8,0.37  ties, 
weighing  ()()  pounds  each,  wliicli  were  laid  in  1801  for  a  length  of  4 
nnles.  .I.l  11  feet. 

These  additions  (which  (tertainly  can  not  be  (;onsidered  as  re])resent- 
ing  the  total  extent  of  the  progress  of  the  use  of  metal  ties)  bring  the 
totals       as  follows: 


Summarif  of  metal  track  in  the  Argentine  lieinthlic. 


Cast-iron 
bowls. 

Steel cro88- 
ties. 

Total  metal 
track. 

Total  for  1894  

Mllrs. 
3,4:i8. 15 
3,  350. 15 

Milrn. 
200.  21 
193.  41 

Milct. 
3.  C38.  36 
3,  543.  56 

■ 
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Central  Argentine  Eailway*  (gauge,  5  feet  G  iuclies).— In 
April,  1S94,  Sir  Douglas  Fox,  the  cousultiiig  eugineer,  informed  me 
tliat  this  Hue  had  theu  a  total  length  of  740  miles,  of  which  728  miles 
were  laid  with  cast-iron  pots  and  18  miles  with  wooden  ties. 

35RAZI1:.. 

General  Remarks. — In  June,  1894,  Mr.  Charles  Xeate,M.  Inst.  C.E. 
of  Loudon,  reported  to  me  upon  four  Brazilian  railways  for  which  he  is 
consulting  engineer.  The  Southern  Brazilian  Railway  has  had  23,000 
Kendel  steel  ties  (for  II. 1(1  miles  of  track)  sent  out  since  1889,  and  ties 
of  the  same  type  are  to  be  sent  to  the  Donna  Theresa  Christina  Kail- 
way.  On  the  (Ireat  Western  of  Brazil  Railway  and  the  Conde  d'  Eu 
ixailway,  which  are  situated  well  within  the  tropics,  between  the 
seventh  and  ninth  degrees  of  south  latitude,  there  has  been  less  ditli- 
culty  in  i)rocuring  native  hardwood  ties  at  a  reasonable  cost,  and  such 
ties  have  an  average  life  of  about  live  years.  All  these  railways  were 
mentioned  in  my  original  report,  and  the  latter  liad  tlien  about  20.4G 
nules  of  track  laid  with  cast-iron  bowls. 


Summary  of  milenyv  of  metal  track  iit  Hrazil. 


Central  of  Brazil  

CoiuU'  «r  Ell  

Duiina  ThiTosH  Cliristiiia 

Minns  an«l  Kio  

Paiilista  

San  I'anlo  

Stuithcrn  iira/ilian  


Bowls. 


Miles. 


Total. 


62 


Cross-  Total, 
ties. 


Total, 


Miles,  j  Miles.  Miles 

3G  36 
 '  20i 

62  G'i 
11  i 


2J' 
11  I 


53        135i'  mil 


Centijai.  liAiLWAY  OF  RiiAZiL*  (gauge,5  feet  3  inciiesand  3  feet3| 
inches). — No  returns  have  been  received  from  the  ollicers  of  this 
government  railway  (formerly  tlie  Dom  l*edro  Segundo  Railway),  but 
Mr.  E.  T.  Gunning,  general  manager  of  the  Minas  and  Rio  Railway, 
stated  in  ^lay,  1804,  that  steel  ties  have  been  very  extensively  used  for 
some  time  past.  Tiiese  ties,  I  am  informed  by  Ponsard  &  Co.,  of  Paris, 
are  of  the  Boyenval-Ponsard  type  {see  France),  and  were  laid  in  1891 
as  follows:  38,000  ties,weighing  lOfJ  j)ounds  each,  on  'Jl  miles,  3,120  feet, 
of  broad  gauge;  and  25.000  ties,  weighing  7.")  i)Ounds  each,  on  14  miles, 
l,o00  feet,  of  narrow  gauge.  The  revolution  stopped  the  continuation  of 
contracts,  but  these  ties  were  also  to  be  used  for  renewals  and  exten- 
sions. In  1892  the  Government  ])laced  an  order  in  Belgium  for  40,000 
steel  ties. 

Donna  Theresa  Christina  Railway*  (gauge, 3 feet  3;|  inches). — 
My  original  report  recorded  about  2|  miles  laid  with  the  Howard 
and  Rendel  steel  ties,  and  in  June,  1894,  ]\Ir.  Charles  Xeate,  of  London, 
the  consulting  engineer,  wrote  me  that  it  is  intended  to  send  out  some 
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more  tics  of  tilt'  KimhU'I  pattn  n  as  soon  as  tlic  economic  coiiditioii  of 
tlic  iail\va>  i)criiiits.  This  pattern  is  considered  lo  l>e  more  siinjile  an<l 
ellicicnt  t  iian  any  ol  iier.  The  cost  of  dilVeicnt  t  ics,  del  i  \ crci  1 ,  lias  hcen 
estimated  as  follows:  Nali\  t'  wood.  HO  cents;  creosoled  liall  ic  pine, 
sl.o;*.;  steel  ties,  sl.lM. 

MiNAS  AND  IvMo  IvVmlw  AN  ^  (.uani^c,  .')  feet  inclies). —  In  May,  1SI)|, 
Mr.  11.  T.  (Junnin.u".  general  manager,  wrote  me  tliat  1  kilometer 
(().(»-  mile^  was  laid  with  steel  ties  under  oO  pound  radsdnrinn  tlu'  liist 
half  of  1S!U).  The  len;;tli  was  too  short  to  permit  (»!'  sjx'cial  ohsei  va- 
tions  hein.u  taken  as  to  wear,  etc..  but  the  ;;eneral  icsnlts  have  been  so 
satisfactorN  that  another  section  of  l.S()  miles  with  70  pound  rails  is 
about  to  be  laid  on  the  mountain  division  of  the  road,  where  the  l; i  ade 
is  about  i)  per  cent. 

rAi  i.isr  v  Kailwav  (^au;;!',  5  feet  .'i  inches  and  3  feet  3„'  inches). — 
OwiiiiX  to  the  exc(dlent  results  obtained  on  tlu^  Central  JJailway  of 
llra/.il.  tins  com[)any  desired  to  try  the  IJoyenvahind  Ponsard  steel  ties, 
and  in  \S*X\  laid  I'iO  ties,  weighing  10(3  pounds  each,  on  li,2o0  feet  of 
broad  gau^c.  and  7.")0  ties,  weighing  75  pounds  each,  on  2,i;.-)0  leet  of 
meter  gauge. 

Sol nii'.KN  liKAziLiAN  liio  GRANDE  DO  SuL  Kailway *  (gauge,  3 
t'eet  iiH'hes  i, — In  June,  181)4,  Mr.  Charles  Xeate,  of  London,  the  con- 
sulting engineer,  stated  that  since  his  rejmrt,  made  to  me  in  December, 
iss'j,  there  have  beeu  sent  out  about  23,000  steel  ties  of  the  liendel 
jiattern  used  in  India,  representing  some  11.16  miles  of  track.  This  is 
the  onl,\-  type  used,  no  other  form  being  considered  so  simple  and 
elHcient  as  this,  and  while  there  has  not  yet  been  sufficient  experience 
to  enal)le  the  life  of  the  ties  in  Brazil  to  be  determined,  the  experience 
in  India  points  to  the  probability  of  their  being  very  durable,  and  there- 
fore economical.  The  [)resent  low  price  of  steel  greatly  favors  the  use 
of  steel  ties. 

In  1801,  when  the  line  was  seven  years  old,  it  was  stated  that  the 
heaviest  maintenance;  expen.ses  were  for  ties,  which  were  already  begin- 
ning to  decay  and  to  rei^uiie  renewal.  The  contract  which  was  nuide 
in  Iba/Jl  for  ties  could  not  be  relied  upon,  and  the  company  found  it 
necessary  to  send  out  from  lOngland  .S0,000  creosoted  i)iue  ties  and  4,000 
steel  ties,  the  Ibrmer  costing  SO  cents  each  in  Kngland.  The  line  has 
4,000,000  ties,  and  in  Ajjril,  IS'.H,  the  president  stated  that  the  com- 
pany must  face  an  annual  renewal  of  30,000  to  50,000  ties.  The  later 
t  U's  sent  out  wer<' 0  feet  0  inches  long  instead  of  < J  feet,  but  c(Kst  the  sanu' 
l)i  ice  as  gi\'en  above,  lie  furtlu^r  stated  tiiat  a  complete  rec(>rd  of  all 
ties  was  being  kept,  as  to  their  location,  date  of  laying,  etc.,  so  that 
information  can  be  gathered  later  as  to  their  life.  The  following  is  an 
extract  from  a  statement  made  by  the  president  of  tiie  comi»aii\'  at  a 
meeting  in  lOngland  in  .Marcli,  bSlli!: 

Tlie  (piaiitity  of  slorpers  which  we  liav(>  ])Ut  into  thr  line  has  brcii  very  lar;;cly 
increa^setl.    In  point  of  fact,  we  i)ut  <h)wii  more  than  twice  as  mauy  sleepers  as  in 
7037_^^O.  0  y 
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the  previous  year.  The  directors  have  adhered  to  the  policy  of  sendiug  sleepers  as 
mnch  as  possible  from  tliis  country.  There  are  a  variety  of  reasons  which  have  led 
them  to  adopt  that  course,  one  heiug  the  difficulty  of  ohtaiuing  reliable  sleepers  in 
the  country  itself.  The  Government  has  entered  the  market  for  sleepers  as  a  com- 
petitor, and  it  is  difficult  in  consequence  to  obtain  the  class  of  sleepers  which  we 
ilesire  to  have.  A  further  reason  is  that  creosoted  pine  sleepers  are  certainly  very 
much  more  durable,  and  that  steel  sleepers  are  perhaps  almost  indestructible.  We 
have,  therefore,  sent  out  large  quantities  of  creosoted  pine,  and  we  have  sent  out 
quantities  of  steel  sleepers.  It  is  particularly  at  the  curves  of  the  line  that  the 
steel  sleepers  are  being  used,  their  greater  rigidity  and  strength  att'ordiug  greater 
safety  against  accident. 

At  the  annual  meeting  of  the  company  in  London,  in  1894,  the 

president  stated  that  15,000  steel  ties  had  been  sent  out  during  tlie  cur- 
rent year.  These  cost  4*'.  (W.  eacli  (81.10),  delivered  at  l\io  Cirande^ 
Avhile  creosoted  pine  ties  sent  out  Irom  En<»land  about  the  end  of  1893 
costSs.  1(/.  (75  cents)  each.  He  also  called  attention  to  the  astonishingly 
low  price  to  which  the  ])rice  of  steel  ties  had  faUen. 

A  KNEZI  KLA. 

General  1Je:\iakks. — A  railway  between  Puerto  Cabello  and  San 
Felipe  was  commenced  about  ISO.")  but  never  linished,  and  on  this  line 
the  Livesey  cast-iron  bowls  were  used.  The  (Juebrada  Land,  Railway, 
and  Mining  ('omi)any's  line,  and  the  Banjuesimeto  Railway,  running 
from  the  port  of  Tucacas  to  the  Aroa  mines  and  Rartiuesimeto,  about 
111*  mdes  in  all.  are  both  laid  with  steel  ties,  and  the  former  has  been 
in  operation  lor  several  years.  The  older  types  of  metal  track  are  not 
found  to  be  satisfactory  under  modern  conditions  of  service  and  trattic, 
but  on  the  new  railway  from  (""aracas  to  Valencia,  opened  in  1894,  the 
Ciernian  contractors  ha\e  nsed  Krui>i)  steel  ties. 


./  iin  lal  truck  in  Veuczuela. 


Kaihvav 


Barquesinieto  (Southwestern) 

Bolivar  

Caracas  aud  VenezAit'la  

Tiierto  Cabello  and  Valencia  . 

Total  


Wrought-iron  and 
steel  crosa-tiea. 

1894. 

1890. 

Miles. 
54.56 
47. 

114.00 
2.  50 

Miles. 

55.00 

2.  25 

218.31 

57.25 

Barquesimeto  (Southwestern  of  Venezuela)  Railway  (gauge, 
l>  feet).— The  following  report,  dated  May  23,  1894,  has  been  received 
from  Mr.  A.  D.  Mitchell,  acting  agent,  and  Mr.  A.  J.Gonzalez,  railway 
engineer,  of  the  Quebrada  Railway,  Land,  and  Coi)per  Company  and 
the  Southwestern  of  Venezuela  (Barquesimeto)  Railway  Company, 
Limited: 

This  hne  .starts  from  a  jnnctioi)  (El  }{acba)  at  kilo.  75  (4(iV  miles)  from  the  coast, 
on  the  Bolivar  Kaihvay,  and  reaches  the  town  of  Barcpiesinieto,  a  distance  of  54.56 
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iiiilt's.  At  kilos  b'S  (32.8(5  milrs)  it  attains  a  hoi;ilit  ol'  L*,:>00  iV-ot  above  aoa  level,  lall- 
iiij;  to  an  altitude  at  tlio  teriuinius  of  1,800  foot,  Tlio  lino  was  opened  for  piihlio 
tratlie  in  January,  18i>l.  The  niaxiniitni  eurv(^  is  laO  leet  radius,  and  the  niaxiiuuni 
^rade  is  'Ah  prr  ei  iit . 

It  is  laid  tliroU';lM>ut  with  iO-pouiid  steel  X-i^i'l'^  Livest^y  steel  Hk't  pt  rH  of 

trou;;h  si-t  titMi  with  ut  arly  vertical  sides  and  havini;  lu«;s  stamped  up  and  steel  keys 
lor  rail  fasteniuirs,  as  in  thi-  lu  iidtd  ti«  s  (sir  pi.  22  of  (uij^inal  n-port).  Tlni  metal  in 
thrci'-sixtet  iiths  df  an  ineh  thieU  throughout  an<l  the  tie  weighs  18  poun<ls.  It  is 
I  feet  S  iiit  lies  luim.  I  inches  widf  oil  lop,  ti  inches  wid»M>u  thi'  l»ottomat  the  middle, 
and  10  iiiclics  ai  the  ends;  inches  drep  in  the  Ixxly.  and  inches  at  the  ends.  In 
lonnit  iidinal  sect  ion  it  is  soiuewhat  coucaxc.  rh(>  >leepers  are  not  nivinii  satisfac- 
toi\  results,  allliou^h  well  shaiied.  Corrosion  issettini;  in  very  rapidly  and  t  he.  fa.s- 
I  en  in  Li  is  \  ti  \  iiieirh  imt  \  i|uile  the  op|)osite  experienee  from  that  with  the  Kcndel  ties 
in  Inilia.  Mevie»»,  etc.  — i  .  i  .  i;.  i .  K  It  consists  of  a  tapered  key  with  one  «'d^e 
^roo\(■dto  tit  the  edf^o  of  the  rail  :'anm'.  and  drixcn  inside  or  out  side  ln^tween  that 
aufl  a  little  Itraeket  or  luix  proji'etiuj^  frcun  the  sleejjer.  These  keys  and  the  bracket 
rust  very  rapidly,  and  the  former  fallsout,  allowinj^  the  rail  to  cant  or  tip  outward. 
On  the  sharp  curves  the  l)rackets  or  lu<^s  are  forced  by  the  levera^^e  of  the  rail  into 
an  uprij^ht  position,  and  althouiih  they  can  be  hannncred  back,  the. metal  is  weak- 
ened, and  they  v»'ry  soon  yield  to  the  strain.  The  ballast  used  is  very  largely  river 
gravel  and  saml.  On  the  upper  portions  of  the  line  broken  schistose  rock  is  used 
to  some  extent,  but  is  not  satisfactoiy .  There  are  9  sleepers  to  a  24-foot  rail,  the 
joint  sleepers  spaced  2  feet  and  the  ()thers  2  feet  9  inches  center  to  center. 

It  may  be  said  that  none  of  the  metal  sleepers  in  use  here  have  been  found  suit- 
able. The  iron  sleeper  is  much  too  light,  wants  lateral  grip  in  the  ballast,  and  the 
fastening  is  insufficient.  The  Bolivar  Railway  steel  sleeper  is  very  dillicult  to  pack 
with  the  available  ballast,  although  most  excellent  as  regards  durability,  fastening, 
and  resistance  to  corrosion.  The  Barciuisemeto  (Southwestern)  Railway  sleei)er  is 
w»  11-sbaped,  and  with  sand  or  tine  gravel  ballast  is  capable  of  being  packed  to  fair 
line  and  level,  but  Nvith  other  class  ol"  ballast  it  would  be  very  diflicult  to  jiack. 
The  metal  in  these  sleepers  seems  most  susceptible  to  corrosion,  and  the  rail  fasten- 
ing is  (|uite  inadefjuate.  A  goo<l  sleei)er  for  sand  or  fine  gravel  ballast  could  be  had 
by  combining  the  Livesey  form  of  sleeper  with  the  Kerr-Stuart  fastening,  and  hav- 
ing it  properly  coated  for  protection  against  rust.  Wooden  sleepers  are  found  to 
give  by  far  the  best  results  for  keeping  line  and  level  and  for  easy  running.  Native 
hard-wood  sleepers  5  feet  by  8  inches  by  4+  inches  cost  about  70  cents  each,  but  the 
sujtidy  is  very  limited,  and  being  used  green  their  durability  is  very  uncertain.  My 
own  o]»inion  is  that  good  creosoted  timber  imjjorted  is  more  likely  to  give  good 
results  than  the  nati\e  timber  procurable.  This  agrees  with  the  experience  of 
English  engineers  in  Hrazil,  India,  and  other  trojucal  countries.  The  goods  (freiuht) 
trallic  up  and  <lown  the  line  during  the  year  1S9S  amounted  to  10,366  gross  tons  of 
2.210  pounds. 

lioi.iVAK  Kau.wav  ■  (<;aiige,2  feet). — Tliisline,  like  the  Uanniiseiiu'to 
JJailway  just  iiicntioiied,  is  owikmI  \>y  tlic  (>)nel)ra(la  K'aihvay,  Land 
and  ('()i)])fr  Conipaiix .  and  I  am  indebted  t o  the  same  li'ent leinen  lor  the 
lollowin^;'  report  made  in  May,  1S!)4  : 

The  railway  extends  Irom  Tucacas  to  the  Aroa  copper  mines  and  has  a  length  of 
55  miles,  of  which  53^.  miles  are  laid  with  50-ponn(l  steel  rails  and  H  miles  with 
.50-pound  iron  rails;  the  latter  are  worn  out  and  will  shortly  be  replace*!  by  steel. 
Tbe  lirst  construction,  in  1874-1877,  embraced  about  44^^  nnles  of  30-poun(l  iron  rails 
w  ith  fish  ])late8  and  a  small  pr<»portion  of  28-p(uind  iron  rails  with  a  shoe  or  chair 
joint  and  no  fish  bcdts.  w  hile  the  r.'maindcr  of  the  line  was  laid  with  50-pound  iron 
rails  with  the  usual  lish  jilate  au<l  bolt  j<»ints.  From  1880  to  1889  the  28-pojind  and 
30-pound  rails  were  replaced  by  steel  of  50  pounds,  and  since  then  the  50-pouuu 
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iron  rails  have  been  gradually  elimiuatod  until  there  are  now  only  1+  miles,  as 
above.  The  steel  rails  are  mostly  21  feet  long,  with  a  few  18-foot  rails  to  carry 
joints  off  bridge  ends.  The  joint  fastenings  are  jjlain  fish  plates  14  inches  long, 
with  4  square-necked  tive-eighths  inch  bolts.  These  plates  seem  hardlj'  stroug 
enough,  and  angle  plates  would  no  doubt  be  an  improvement,  but  can  not  be  used 
on  account  of  the  limited  space  between  the  fish-bolt  nut  and  the  rail  tiange.  The 


sleepers  at  present  in  the  line  are  as  follows: 

Miles. 

Mallett's  i)atent  wrought-iron  buck'ed-]date  sleepers   32.90 

Kerr,  Stuart  »fc  Co.'s  steel  sleepers   14.  35 


Total  metal  sleepers   17.  25 

Native  hard- wood  sleepers   5.  05 

Creosoted  pine  sleei>er8,  5  feet  by  S  iiu  hes  by      inches   2. 10 


Total  wooden  .sleepers   7.  75 


Total  len.i^th  of  liiiL-   55.  00 


The  wronght-ironsleei)ers are liatplates  one-eighth  inch  thick,  weighing  21  x»ounds 
each,  dished  or  J>nckle«l  in  the  middle  to  form  a  sort  of  trough  of  V-s»'<  tion,  open  at  the 
to]),  leaving  the  ends  and  sides  ilat,  and  on  the  llat  sides  are  the  distance  studs  and 
the  hook-headed  fastening  bolts,  with  nuts  on  the  under  side  of  the  jUate.  The 
plates  were  1  feet  long  and  *J  inches  wide,  tlie  dished  ]»ortion  being  3  feet  7  inches 
long,  5  inches  wide,  and  2i  inches  deep  at  the  middle.  These  were  laid  <luring  the 
lirst  construction  of  the  line.  The  lirst  specilication  allowed  for  G  sleepers  per 
21-foof  rail,  but  afterwards  ^  were  used.  When  the  30-ponnd  rails  were  taken 
up  an<l  the  road  relaid  with  .5()-pouud  steel  rails,  the  iron  i)hite  sh;epers  were  utilized 
by  j>nnehing  extra  bolt  holes  to  fit  tlie  wider  base  of  the  new  rails.  These  weak- 
ened the  sk'ejierH  very  considerably  at  the  bearing  of  the  rail,  and  very  man have 
cracked  across  through  the  holes.  The  dog-headed  or  hook-headed  bolt  has  also 
given  trouble  to  keep  in  jdace  so  as  to  hohl  the  foot  of  the  rail.  There  was  a  small 
washer  provided,  with  edge  cut  and  twisted  up  to  prevent  turning,  but  these  washers 
sof)U  became  worn  out  by  the  jar  of  trains  and  allowed  the  bolt  head  to  turn  round 
off  the  rail.  All  these  i)late  sleepers  are  quite  worn  out,  and  steps  are  being  taken 
to  rci>lace  them.  The  renewal  will  ])robably  be  with  Georgia  yellow  ])ine  or  pitch 
y)ine,  creosoted.  Some  creosoted  pine  sleei>ers  (class  not  known),  laid  fifteen  to 
seventeen  years  ago  an<l  rec  ently  examined,  have  given  remarkably  good  results  both 
in  the  road  and  on  bridges. 

It  may  be  said  about  the  buekle  jdate  sleejjers  that  for  light  trafhe,  with  straight 
lines  or  curves  of  large  radius  they  are  useful,  but  being  very  shallow  they  have  no 
grip  in  the  ballast  and  are  unstable  laterally.  In  fact  from  kilos.  K3  to  the  mines  (3^ 
miles)  th<'y  were  not  used,  in  view  of  the  sharp  curves  on  that  section.  They  are 
easier  to  pack  and  keep  to  better  level  (surface)  than  the  inverted  trough  type,  but 
allow  for  no  cant  of  the  rail.  Only  9^  miles  of  the  iron  sleepers  are  well  ballasted 
with  slag  from  the  copper  smelting  furnaces,  the  balance  being  packed  with  road- 
side stuff,  mostly  ordinary  soil,  red  earth,  etc.  The  slag  is  mixed,  as  regards  size, 
from  2  inches  cube  (sometimes  larger)  down  to  the  size  of  coarse  gravel.  The  sleep- 
ers packed  with  slag  have  worn  out  much  more  quickly  than  the  others.  The  depth 
of  slag  below  the  slee])er  varies  from  4  to  8  inches. 

The  steel  sleepers  are  of  Kerr,  Stuart  &■  Oo.'s  pattern  (see  p.  72  and  PI.  4  of  my 
original  report. — e.  e.  u.  t.).  These  were  laid  at  different  times  between  1886  and 
1889,  and  have  proved  very  durable,  corrosion  up  to  the  present  time  being  very 
insignificant.  They  are  of  trough  section,  with  flaring  sides  and  narrow  bottom 
flanges,  and  are  bent  lengthwise  to  give  the  rails  an  inward  cant.  They  are  4  feet 
long,  5  inches  wide  on  top,  7  inches  within  the  bottom  flanges  and  8  inches  over  the 
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bottom  fl:ini;«'s.  and  alioiit  2^.  hhIus  (l.fj).  IMu^  ciwls  an*  closed.  Tho  motul  is 
tlirt'e-sixtoi'iiths  inch  tlu«k  and  tin-  tie  wfi^jlis  oO  i)onnds.  A  nvrtrd  liracketor  rail 
biaf»>  bnts  a^^ainst  tli»' nndiMsidi'  ot  tlir  rail  ln^•ld  on  tlu' outside,  and  on  tUc  inniT 
sidr  the  rail  llani;e  is  hold  by  a  claiiiit  and  l)()lt.  with  nnt  insidi'  tin-  ti(^,  while  a  kry 
driven  between  the  bolthead  and  a  rib  on  thee  lam])  jirevents  the  holt  iVoin  tnrnin;;. 
rin'  fa-^tiMiini;  has  hIiowm  itself  very  etVerti  ve  and  red  table.  re<|  ii  i  liui,^  almost  ni>  atten- 
tion, and  keeps  the  road  well  loi^ether  in  eas(>  ol*  derailment,  while  the  j^anj^e  is 
perlei'tly  maintained.  I'or  the  shai  p  enr\  (>s  (»|'  IL'O  to  ;>(»it  feet  radins  on  the  mines 
Heeti«)n.  s])»>i  ial  sleepers  oii(>  ha  1 1' inch  w ide  i n  Lc  niLre  are  used.  A  repairini;  sleep(>r 
is  also  in  use.  wiili  one  outside  bracd^et  Itolted  to  the  top  plate  instead  ol"  beiiiLT 
ri\t'tetl  as  in  th(>  or  linar\  type.  I'his  <>nables  the  sloeper  to  l»o  slipiied  iu  Ix-low  the 
rails  at  the  mid  He  of  a  rail  leiiixth.  There  arc  8  sleepers  to  a  21-f()ot  rail,  the 
joint  sleepers  spaced  1'  feet  ami  the  others  L'  ieot  8 1'-,  inches  center  to  center.  The 
form  of  the  sleei>er  is  not  satisfactory.  It  is  most  diirienlt  to  pack,  and  it  is  almost 
impossible  to  keep  it  to  fair  level  (surface)  in  the  ballast  in  use  here.  There  are 
S  »)S  miles  of  steel  sleei)ers  ballasted  with  the  furnace  slaj.;,  the  balance  lieing  packed 
with  roadside  stnlf.  I  am  not  aware  of  the  cost  of  the  iron  sleei)(;rs,  Imt  the  steel 
sleepers  cost  a1)ont  each  in  United  States  cnrrency. 

The  tratlic  for  the  year  1S!);>  was  as  follows,  in  <»;ross  tons  of  2,210  pounds: 

Tons. 

Crude  ore  and  reu;uliis  to  coast,  and  company's  materials  from 


coast  to  works  and  mines   31.  350 

Goods  trafbc,  uji  and  down   15,358 

Total  main  line  tratlic    46,  714 

Mines  to  smelting  works  ,   57,085 

Total  trallic   103,  799 


The  tonnaee  from  mines  to  snudtiuL;  worlvs  passes  ov(m-  the  main  line  between 
kilos.  84  and  8S.6»i  (3  miles).  The  P)ar(iuisemeto  (South  western )  Kail  way  traflic  u]) 
and  down  is  included  in  the  15,358  tons  ])assing  over  the  Bolivar  Railway. 

('AiiACAS  AND  VALENCIA  liAiLWAY  (gauj^^e,  3  feet  0  iiiclies). — Tin's 
i  nilway  (sometimes  styled  the  (Ireat  Venezuelan  Kailway)  was  built  by 
the  (irosse  Venezuelan  I'^isenbahn  Gesellschaft,  of  IIambur<;",  and  was 
()l)eiied  in  January,  18!>4.  It  is  parallel  with  the  coast  but  on  the  west 
side  of  the  hi<ih  and  steep  coast  rano'e.  It  connects  the  two  towns 
named.  fVom  each  of  whicdi  there  is  a  railway  to  the  coast,  one  from 
Caracas  to  the  ])()i't  of  La  (luayra  and  tlic  other  from  Valencia  to  the 
])()rt  of  Puerto  (.'alxdlo.  The  line  is  114  miles  lon<i-,  thou<ih  the  direct 
distance  is  only  about  half  that,  the  development  bem*;-  iu  order  to 
keep  the  maximum  .ui  ad<'  down  to  2  per  cent.  The  minimum  radius  of 
(•ur\  ('s  IS  LNlL'  tect,  and  there  are  numerous  curves  of  32S  feet  radius  on 
the  mount  am  division.  From  Caracas  the  line  ascends  to  the  summit 
at  Los  Te(pies,  4,021  feet  above  sea  level,  with  a  tunnel  DOO  feet  lou^y 
the  lon«i-est  of  the  80  tunnels  on  the  line.  The  road  then  descends  to 
tlie  \  alley  and  encounters  no  oroat  engineering;'  difliculties. 

The  width  ol  roadbed  is  11  feet  (>  inches  on  banks  and  1  I  feet  0  inches 
HI  cuttings.  The  ballast  is  of  o-i-avel,  broken  stone,  and  coarse  river 
sand,  there  ben  I  <4 12  inches  of  bottom  and  (J  niches  of  top  ballast.  The 
;:au*i-e  of  3  feet  <>  inches  was  i)rol)ably  adoi)ted  as  beiiiji"  that  of  most  of 
the  other  railways  ni  \'euezu(da,  budt  under  the  somewhat  common 
misapprehension  that  a  reductiou  in  the  gauge  necessarily  means  a 
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reduetion  in  cost  of  coustmction,  equipment,  and  0])eration.  The  track 
is  laid  \yitb  steel  T-rails  weighing  52.1  ponnds  per  yard,  which  are  car- 
ried on  steel  ties,  nine  to  a  rail  length,  the  joint  ties  spaced  24  inches 
and  the  intermediate  ties  32  inches  center  to  center.  The  fiistenings 
are  said  to  be  of  a  new  and  improved'type,  very  substantial  and  easy 
to  lay  and  replace.  The  locomotives  are  tank  engines  of  English  and 
German  manufacture,  weighing  35  tons  in  working  order.  The  cars 
are  of  the  American  type  and  were  built  in  Germany. 

La  Guayra  and  Caracas  IvAilway  (gange,  3  feet). — The  ties  are 
of  a  wood  known  as  ''vera,"  a  species  of  greenheart. 

Puerto  Cabello  and  Valencia  Railway*  (gauge,  3  feet  6 
inches). — Tliis  line  is  34  miles  long,  and  in  Ai)ril,  1894:,  Mv.  W.  A. 
Smith,  general  manager,  stated  that  it  was  hiid  throughout  with  native 
timber  ties,  7  feet  long  and  S  l)y  ."i  inches  section,  except  on  the  rack-rail 
incline  of  8  per  cent  grade.  2A  miles  long,  which  is  laid  with  the  steel  ties 
referred  to  in  my  original  report.  They  areof  trongli  section,  0  feet  long, 
9.J  inches  wide  at  the  middle,  and  spreading  to  V2  inches  at  the  ends, 
and  weigh  about  80  pounds  each.  They  have  closed  ends.  There  are  two 
riveted  clamps  for  each  rail,  each  clamj)  secured  by  two  rivets.  The 
tiange  of  the  T-rail  butts  against  the  outer  clani)),  and  a  Hat  steel  Avedge, 
or  key,  with  corrngated  surface,  is  driven  between  tlie  toj)  of  the  inner 
rail  tiange  and  the  clami)  wliicli  ])r()jects  over  it.  The  chair  for  the 
three-bar  Abt  rack-rail  is  fastened  to  the  middle  of  tlie  tie  by  two  bolts. 
iSIr.  Smith  states  that  this  incline  has  been  worked  for  about  six  years, 
and  the  ties  have  given  satisfaction,  hnt  he  has  ordered  some  new  ties 
and  is  having  them  maderatiier  lieavier,  as  the  present  ties  show  a  ten- 
dency to  crack  under  the  rails. 

I  XITKI)  STACKS  OF  ('OLOMlilA. 

Cartagena  and  ^Iac^dalena  Kailway  (gauge,  .*>  feet). — This  is  a 
new  railway  built  by  an  American  c()iiii)any  to  connect  the  seaport  of 
Cartagena  witii  the  river  port  of  Calamar,  on  the  Magdalena  lliver, 
which  river  is  navigable  for  nearly  1)00  miles  above  that  point.  The 
line  IS  05mdes  lon  ir.  'fhe  maximum  grade  is  2.75  ])er  cent, compensated 
for  curvature.  Mr.  S.  McConnico,  the  managing  director,  stated  in 
June,  1894,  that  the  track  is  laid  with  Belgian  steel  T-rails,  weighing  45 
pounds  per  yard.  Tlie  ties  are  partly  of  Southern  ])itch  ])ine  from  Ala- 
bama and  partly  native  liard  wood  obtained  in  Colombia.  Dimen- 
sions,  (>  by  8  inches,  8  feet  long.  Cost,  delivered,  about  GO  cents,  gold. 
The  first  ties  laid,  being  not  yet  two  years  old,  there  lias  been  little 
opportunity  to  judge  of  their  Jife,  although  it  has  already  been  tbnnd 
that  certain  of  the  native  woods  are  rapidly  decaying,  while  others  give 
promise  of  long  lite.  This  emphasizes,  of  course,  the  great  imi)ortance 
of  carefully  selecting  the  Kinds  of  native  woods  to  be  used.  So  far 
the  pitch-pine  ties  show  no  evidences  of  decay.  The  small  white 
ant  (called  coinejen)  is  very  destructive  to  many  kinds  of  wood,  but  the 
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resinous  (|ii;ility  ol'  pine  seems  to  Ix' soinel liiiiu  of  a  i)roteet ion 

ji^j:aiiisl  tlieiii.  White  |)iiie,  oak  and  eeitaiii  iiat  i \e  ( "oloiii!)iaii  Woods 
are  vvvy  (|iiiclJy  at  I  ai-ked  aiul  destroyed.  Siuiiet  liiii^-  less  than  a  year 
a^o  tlie  ilaskiiis  Wood  \' iili  aiii/.iiiu  ( 'oiiip.iiiy  of  New  \'ork  sent,  dosvn 
100  of  its  \  ulcaiii/.ed  ties  to  he  used  as  a  test,  and  tliey  lia\<'  been  put 
into  the  track  for  that  i)Urpose,  hut  of  eouise  tlie  jteriod  is  yet  t<M> 
sliort  for  denionst  rat  inu"  icsiilts.  'IMie  railw  ay  company  has  i)nr(dias(M] 
l.lMM)  more  of  these  ties,  in  order  to  make  the  test  more  coin  plet  e.  'i'lie 
l)ri(l,i:('s  and  ]>ier  are  coirst  met  ed  of  lieaxily  creosoted  !Sontliei-ii  pine, 
nndei'  con t  ract  w  ith  ,1.  W.  I 'nt  nam,  of  New  ( )rleaiis,  who,  until  his 
recent  death,  leased  the  Louisville  and  Naslixille  IJail  w  ay  < '<»Mipany*s 
creosot in*;  works  at  l*ascaj;<)ula,  Miss.  Most  of  tlu^  bridges  are  ordi- 
nary- pile  structures;  some,  liowever,  bein<;-  single  ami  double  decdc 
framed.  At  t  he  crossing'  of  tlw  l)i(pu'  Canal,  whicli  is  consideicd  a 
navigable  stream,  a  ceuter-jtivof  swinii'  bridL;-e  is  constructed  on  a  (neu- 
ter ])ier  of  erc^osoted  piles,  liaA  ini;'  00  feet  clear  span  on  ea(di  side  for 
the  passage  of  boats.  This  ])ivot  s])an  is  of  iron  and  is  tlie  only  iron 
structure  on  the  line.  The  approaches  are  of  ereosoted  ])ilin.i;'  and 
aoorenatc  al)()ut  8U0  feet  in  len<;tli. 

WEST  mDIES. 

(lENEKAL  IvEAfARKS. — ^letal  track  is  being  extensiv(dy  used  for 
ordinary  and  ai»ricultural  railwa5\s,  and  the  careful  and  complete  design 
of  the  track  and  track  work  of  the  Puerto  Rico  railways  is  specially 
worthy  of  note. 

Snnniiari/  itf  mctaJ  tvad'  in  the  JfCst  Itidicfi. 

St  eel  cross - 
tics,  miles. 


Martini«|iio   1. 12 

rnerlo  K'ico   189.  00 

Sail  l)oniin<j;<)   1 1.  25 


Total,  1S!M  :   204.87 


CI  15  A. 

Matanzas  Kailavay  (gauge,  4  feet  Si  inches). — In  Ai)ril,  ISOi,  I  was 
informed  by  the  engineer  that  no  metal  ties  are  used,  but  various 
native  woods,  using  the  heartwood  only.  These  ties  have  an  average 
life  of  live  years. 

United  Railways  oi'  Havana  (gauges,  4  feet  S.i  inches,  and  li  feet 
0  inches). — Mi-.  Vl.  J.  Balbin,  engineer  of  track  and  Avorks,  wrote  me 
in  ]\Iarch,  1S04,  that  no  metal  ties  have  been  laid  on  this  line,  and  that 
-he  did  not  think  they  had  been  tried  on  any  railway  in  Cuba.  This 
company  has  27()  miles  of  railway,  -<)l^  miles  of  standai'd  gauge  and  11 1 
miles  of  narrow  gauge.  The  track  is  laid  with  steel  T  rails,  weighing  GO 
to  (m  ])ounds  (4.;^  to  o  inches  high)  ])er  yard  for  the  former  and  40 
pounds  ])er  yard  for  the  latter.  The  greater  part  of  the  line  is  bal- 
lasted with  line  broken  stone,  and  the  rest  with  earth,  but  the  latter  is 
being  replaced  with  biokeu  stone.    The  ties  are  of  native  woods,  9  feet 
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long-  and  G  by  8  inches  or  7  by  7  inches  (weighing-  215  to  220  x)ounds)  for 
the  standard  gauge;  and  6  feet  long,  5  by  5  inches  section  (weighing  65 
to  70  pounds)  for  the  narrow  gauge.  The  average  life  of  these  ties  is 
estimated  at  ten  to  twelve  years. 

JAMAICA. 

Jamaica  Railway  (gauge,  4  feet  inches). — On  this  line  there 
are  about  53,000  black  cypress  ties,  21,000  yellow  pine  ties,  and  tlie 
remainder  creosoted  pine  ties.  The  ties  are  0  by  8  inches  and  8  feet 
long,  spaced  2  feet  center  to  center.  Mr.  Wellington,  c.  e.,  of  New 
York,  m  his  report  upon  the  condition  of  this  railway  in  189.3,  stated 
tliat  about  5  ])er  cent  of  the  uncrcosoted  ties  had  been  taken  out  as 
being  '^rotten,"  whereas  fully  half  of  tliese  were  still  good  for  one  to 
tlirce  years'  service,  and  he  advised  that  such  removals  be  stopped  in 
the  interest  of  pr()i)er  economy. 

MAR  l  IXH^rK. 

AnRim/rcKAL  Uailwavs  (gauge,  .*)  feet  0  inches). — On  the  agri- 
cultural r;>il\\  ;i\  s  for  (lie  transport  of  sugar  cane  2,000  Boyenval-Pon- 
sai'd  steel  ties  {sec  I'ranee)  were  laid  in  1S03  for  a  length  of  1  mile  750 
leet,  re})lacing  wooden  ties.  The  ties  weigh  ~u)  pounds  each.  Tlie 
])l;intcrs  are  reported  to  lind  ;i  eonsiderable  economy  and  greater  length 
(>r  life  (){'  these  ties,  which  will  insure  further  orders  ami  the  general 
use  ol  steel  ties. 

prEiiTo  laco. 

Puerto  Rico  ItAiLWAV  (gauge,  3  feet  3-|  inches).— In  LSOOthe  Puerto 
Rico  Railway  Company,  under  a  concession  from  the  Si)anish  authorities, 
ordered  3.'U),00()  of  the  Hoyenval-Ponsard  steel  ties  {sec  France).  These 
ties  are  4.25  feet  long  and  weigh  50  pounds  each,  with  fastenings  and 
base  plates  for  40-pouii(l  T -rails  32.8  feet  long.  The  fastenings  consist 
of  two  short  screws  or  studs  to  each  rail,  with  wide  button-shaped  heads 
littmg  over  the  edge  of  the  rail  Hange,  the  head  having  a  square  pro- 
jection on  to])  for  the  track  wrench.  These  screws  pass  through  holes 
in  the  riveted  tie  i)lates  or  base  plates,  and  are  tapped  into  an  iron  filler 
])late  or  washer  underneath  the  tie-plate  in  the  open  trough.  The  rails 
are  laid  with  even  joints,  and  there  are  12  ties  to  a  rail  length  of  32.8 
feet  and  9  to  a  rail  length  of  20.24  feet.  In  the  former  case  they  are 
si)aced  20  inches  center  to  center  at  the  joints,  then  two  spaces  of  0.803 
meter,  and  the  remaining  seven  spaces  of  0.804  meter,  or,  say,  an  average 
intermediate  spacing  of  34  inches.  The  spacing  of  the  ties  is  marked 
with  chalk  on  the  web  of  the  rail.  The  men  handling  the  ties  are 
furnished  with  leather  shields  for  the  hands.  The  ballast  is  14  inches 
deep  at  the  sides,  0.2  feet  wide  on  top,  and  11.48  feet  on  the  bottom. 
It  is  nearly  level  with  the  top  of  the  rail  head  outside,  and  between  the 
tracks  it  is  formed  in  a  curve  starting  from  the  bottom  of  the  web  of 
each  rail. 
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III  tlic  track  iiisl  met  inn  Ixtok.  i)r('i);n'0<l  ])y  the  ( ioNcnmiciit  ('ii<.iiii('('rs, 
.Mr.  Ahraiiii  and  Mr.  11.  Lc  liiun,  it  is  ])<)iiit('(l  out  tliat  (lie  trackincii 
slum  1(1  not  appl  \  full  lorcc  on  t  he  w  rt'iiclics  lor  l  he  i  nil  at  I  acliiiiciit  s,  as 
the  tastt'nin.us  \\  ill  Itc  no  tinlitcr.  while  there  is  lialiililN  ol  (laina<;"iii^ 
the  threads.  The  lVo<^s  and  s|)lit  switches  are  eariied  on  10  steel  ties 
lM  to  -.").\  inches  ai»art,  w  hile  tie  No.  1  (at  the  rail  joint  in  iVont  of  the 
sw  it<li  I  and  the  head  Mocks  Nos.  L*  and  •'),  are  Ki  inches  apart.  'I'he 
head  blocks  are  11  feet  lonii",  carry  in  the  switchst  a  ml.  a  ml  I  ties  !) 
feel  lonu  carry  the  Iron-  and  ^nard  rails.  All  the  other  ties  of  the 
tnrn  onts  are  ordinary-  ties.  To  insnre  ac(aiiale  spacing'  of  the  switch 
tics  in  layini^,  llat  iron  bars  or  teini)lates  are  used.  ha\'in^-  the 
c(l«i('s  notched  to  lit  ovvv  the  ties,  'i'he  ties  on  each  branch  of  the 
turnout  are. Ml  inches  ai)art.  lioth  ordinary  and  three  tlirow  swit(du^s 
are  used,  and  the  arranucinent  has  been  entirely  satisiactory.  On 
brid^u'cs  the  ties  are  bolted  to  the  top  chords  of  ])late  uirders,  the  bolts 
l>assinu-  throuiih  the  bottom  ol  tlie  tie  {see  Tl.  (*  of  original  rei)ort). 

These  ties  were  laid  in  ISDO  on  a  len.iitli  of  IS!)  miles,  and  in  Ai)ril, 
lS!)t,  Ponsard  v^'  Co.,  of  Paris,  wrote  me  that  the  Puerto  Pico  Pailway 
('om])any  has  still  1*50  miles  to  construct,  for  which  this  lirm  will  fur- 
nish the  ties. 

SAK  DOMINGO. 

Central  Dominican  Pailway  (gauge,  2  feet  G  inches). —  In  1800 
there  were  laid  1*5,000  of  the  lioyenval-Ponsard  steel  ties  (.v^'^  France), 
coN  erinu'  a  length  of  14  miles  1,500  feet.  They  weighed  GO  pounds 
each.  The  makers  report  that  the  results  have  been  very  satisfactory 
and  that  the  railwjiy  company  will  continue  to  use  these  ties  in  the 
com])letion  of  its  line.  In  8epteniber,  1804,  IMr.  Edward  Hall,  chief 
engineer  and  general  manager,  wrote  me  as  follows: 

Tlio  first  11  miles  of  this  railway  are  laid  with  steel  ties,  and  about  4  milos  of 
til  is  is  f)n  the  Abt  system  of  rack  railway.  This  road  lias  Leou  in  operation  somo- 
tliin«i  over  a  year,  and  was  constructed  by  a  Jiclgian  company.  The  extension  now 
lM'in<i  constructed  into  the  interior  will  be  laid  with  ties  of  m.abogany  and  other 
bard  woods  of  the  country,  and  also  bard  pine  of  tbe  Sontborn  States.  As  but  little 
ol  tbe  new  line  is  in  oi>eiatinii.  I  can  not  yet  make  a  comparison  between  tbe  metal 
and  wooden  ties.  Tbe  metal  ties  w  ill  undoubtedly  bo  very  dural)le.  I  tbink,  liow- 
e\cr,  it  will  take  more  men  per  mile  to  l<eep  the  track  in  c<mditioii  witb  tbe  steel 
tie>  than  with  the  wooden  ones,  l)Ut  we  have  not  eiiou<;li  of  tbe  wooden  ties  in  use 
now  to  torm  a  good  comparison. 

MEXK  (). 

Genet^al  Remarks. — The  cast  iron  ])ot  ties  first  introduced  are  not 
very  satisfactory  under  modern  conditions  of  service,  but  the  INIexican 
Padw  ay  tinds  sucii  excellent  results  in  e(;onomy  and  elhciency  from  the 
use  of  steel  cross-ties  that  the.\  have  been  extensi\<'ly  appliedin  renewals. 
4  heso  ties  and  tastenings  are  extremely  simi>le,  and  have  given  equally 
satisfactory  results  in  India  and  South  America. 
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Summary  of  meial  Iruvk  in  llextco. 


Railway. 

Cast-iron 
bowls. 

Steel 
cross-ties. 

Total. 

Miles. 

35 

2Iiles. 

15 
170 

Miles. 

50 
170 

Mexican  (1893)  

Total,  1894   

35 

185  i  220 

Total,  1890  

77 

Interoceanic  Eailavay  of  ]\Iexi('()  (gauge  3  feet). — About  50 
miles  of  this  line  were  laid  with  l^iglish  cast  iron  potties  of  the  Livesey 
pattern,  hut  they  are  said  not  to  have  been  satisfactory.  According  to 
a  statement  made  by  Mr.  elohn  liirkinbine  before  the  Engineers'  Club 
of  rhiladeli)hia  in  June,  ISiKj,  almost  one-fourth  of  these  have  been 
replaced  by  steel  ties,  and  further  replacement  is  made  as  rapidly  as 
liiiauces  permit.  The  steel  ties  now  used  are  6  feet  long,  weigh  90 
pounds  each,  and  have  near  the  ends  square  b(dt  holes,  but  no  clips. 
These  nest  nicely  for  shii)ping,  and  cost  si  (gold)  per  tie  delivered  at  Vera 
Cru/.  Wooden  ties  8  feet  by  G  inches  by  (J  inches  cost  in  the  vicinity 
of  Pueblo  and  Mexico  (13  cents  for  pine  and  !>r>  cents  for  oak;  there- 
fore, at  the  present  exchange  the  i)ine  ties  cost  in  gold  42  cents  and  the 
oak  ties  (U  cents  each.  As  railway  supi)lies  i)ay  no  duty,  the  exi)ense 
fov  steel  ties  is  therefore  not  greatly  in  excess  of  that  for  wooden  ties. 
•  Mexican  EailwjW*  (gauge  4  feet  8.^  inches). — The  work  of  laying 
steel  tics  still  continues,  and  up  to  the  early  i)art  of  ISO.')  they  had  been 
laid  on  about  miles  of  track,  including  the  Pachuca  branch.  These 
ties  are  of  tlic  i:rii(h  l  (n-  iiidian  i»atl<'rn,'  S  feet  3  inches  long,  with  lugs 
stami)ed  up  Ibr  the  l  ail  tastenings,  and  having  the  top  table  thicker 
than  the  sides  (.sv^^  PI.  1'2  of  original  report).  They  weigh  124  pounds 
each,  or  12G  pounds  with  the  two  steel  keys  holding  the  rails.  In  1893 
orders  were  placed  in  Kngland  for  48,000  steel  ties  and  10r),000  steel 
keys  for  the  same,  and  arrangements  were  made  for  laying  them  on  the 
wliolc  distance  of  the  mountain  ascent  from  Paso  del  Macho  to  Boca 
del  .Monte,  a  distance  of  (JO  miles. 

The  following  extract  from  the  report  presented  at  a  meeting  of  the 
company  in  Xovember,  1893,  shows  very  clearly  the  economy  resulting 
from  the  use  of  the  i)ermanent  steel  ties: 

Above  all,  there  were  two  subjects  as  to  Avhich  we  tliou^^lit  that  a  well-considered 
scheme,  to  be  earned  out  more  or  less  rapidly  as  circumstances  would  ])crmit,  was 
especially  desirable.  These  two  administrative  matters  of  primary  importance  were 
the  relaying;  of  the  whole  hue  with  steel  sleepers,  and  tlie  assuring  ourselves  that  we 
possessed  a  stock  of  locomotives  suited  to  modern  requirements,  of  the  best  type, 
and  in  such  a  state  of  order  that  money  shall  not  be  wasted  on  useless  repairs.  It 
has  been  a  subject  of  great  satisfaction  to  the  board  that  our  long  discussions  have 
not  been  in  vain,  and  we  have  arrived,  both  with  regard  to  the  reconstruction  of  the 
permanent  way  and  also  as  to  our  stock  of  locomotives,  at  a  decision  which  wehave 
every  reason  to  believe  can  take  the  shape  of  a  scheme  amply  sufficient  for  our 
purposes  and  within  the  limits  of  our  resources  to  carry  out.    We  have  already 
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provitlr*!  steel  slcc|n'is  ;il  i:itf  ulL'.ddO  ;i  iiiil<'  tor  a  <!  i-^l  aiicf.  from  the  coast  in  tin- 
(lirt'ctioii  (»r  Miviro,  ot'  a  I  mm  1 1  a  lilt  If  more  than  ITn  iiiilo.  1  liis  I.mn  cn  u->  alioiit  iL'i) 
jiiilfs  still  to  <lo.  Now  lilt'  (  ost  oi'  layiiiL;  l-'>  imlrs  with  stt-cl  slri  |irrs  at  the  lato  of 
2y0U0  u  null-,  on  llic  l»a>is  of  j)ris('iil  jiiiirs,  woiiltl  ho  X  7S,(X)()  ( I 'uit.4^d  S^t<-s  valnr, 
$:?t»0.0(H>>.  llillit  rto  till-  rcvrinif  lia><  Ix-rn  font  ri  ^ilt  iivj:  to  tin-  pii  rdiax'  of  stn-I  slcrp- 
(  rs.fd.tKH)  a  inoiit  li.  A>  HI  ««l  slccpcis  lia  \  <•  lie  iii  prox  idtil  oii  I  lir  pa  it  of  1  In-  line  w  her  (! 
tlu>y  ar«'  most  n«'rt'.ssai\\  .  and  as  \v(«  must  rconoini/r  w  licit'  \vc  can.  w  c  pi<)])OM-  to  rcihn  o 
tliiscontriluition  from  i-c\-cniic  to  ■f  I  .(iim  per  month,  or  $IS,()()()aycar,  which,  if  wc  take 
tliril()llar  at  the  rale  of  eiuhl  to  the  i.oniul.  is  L'ti.dOO  ($:iO,000  Unit.d  States)  a  year. 
IWit  wc  foniul  on  examinat  ion  that  if  w  v  left  otV  wlicrc  wo  now  are.  and  diil  not  lay 
anv  more  >t  ctd  .sice  pel  s  I  h.in  w  c  now  ha  \  c  on  the  upper  s<'cti()n  of  the  line,  t  he  cost 
of  pro\  idiiiL;  wooden  sltu-pcrs  on  the  l«'ii«^Mi  we  should  lluis  liav*;  to  deal  w  ith  iiii^lit 
he  taken  witli  sntViciciit  acciirac  \  tor  ])racti('al  ]>nrpos(>s  at  this  same  liiiuroof  L't),noO 
a  year. 

'I'his  is  a  cliarLTf.  ihercfoie.  which  must  fall  njion  revenue,  and  no  coiit  rihnt  ions 
from  the  amonnts  we  ha\  (>  in  reserve  for  iinproveiiiciit  of  tln^  line  can  1)e  so  applied 
as  tt»  relieve  rcviMinc  I'roin  the  enrreiit  yearly  eharges  that  properly  fall  on  it.  Hut 
i  f  we  i)ut  steel  sU^opers  iiist  cad  ol'  wooden  sleepers,  and  take  seven  years  to  cany  out 
the])roeess.  we  should  at  the  (  iid  of  the  time  have  the  lino  laid  throngbont  with  sleep- 
ers w  hiih  rci|uire  scarccl\  any  renewal,  so  that  at  the  end  of  seven  j'^ears  the  £6,000 
a  year  (diar^-ed  to  revenue  would  disap]»ear  altogether  out  of  the  aeconnts.  Steel 
slec])eis,  however,  would  cost  a  i;reat  deal  more  than  the  kind  of  wooden  sleepers 
wliic  li  wc  should  1)0  ohliged  to  use,  as  no  Itetter  are  to  he  ^;ot,  and  this  extra  cost  is 
a  ix  rinaiiciit  iiiiprovement  to  the  line  which  we  may  very  jiroperly  take  from  our 
lunds  available  for  that  purpose  as  an  addition  to  what  rcvennc  is  hound  to  con- 
t  rilmle.  Weprojiose  to  add  .C").(H)0  (+25,000)  a  year  for  seven  years  out  of  our  improve- 
ment fund  to  the  £0.000  a  year  contributed  by  our  revenue,  and  thus  make  a  total  of 
C  11,000  (+."..">, (too)  a  year,  which,  continued  for  seven  years,  gives  a  total  of  ,£77,000 
r:{*r>,000);  that  is  the  sum,  as  I  have  above  stated,  required  to  lay  the  whole  line 
w  ith  stc»d  sleepers  on  the  scale  of  2,000  to  <a  mile.  But  there  is  a  furtlier  improve- 
ment, on  tho  great  utility  of  which  our  advisers  strongly  insist,  and  with  which 
revenue  has  nothing  t<x  do.  This  consists  in  the  strengthening  of  the  roadway  by 
using  288  extra  steel  sleepers  where  we  have  only  used,  or  propose  to  use,  2,000. 
I  may  ntenti<m  that  the  advantage  of  using  more  than  2,000  sleepers  to  the  mile  is 
now  so  largely  recognized  that  some  of  our  neighbors,  I  l)elieve,  have  no  less  than 
2,000  to  the  mile,  but  our  engineers,  looking  to  the  weight  of  our  rails,  are  satisfied 
that  with  an  amount  very  slightly  falling  below  2,300  a  mile  wc  shall  have  a  road- 
way th(!  excellence  of  which  will  never  admit  of  any  question.  To  provide  these 
extra  sleei»ers  we  shall  have  to  spend  about  £20,000  ($100,000),  and  this  amount  wo 
]u-opo-e  to  take  out  ot  OUT  improvement  fund,  so  that  wIkmi  the  whole  scheme  is 
carried  out  we  shall,  at  the  end  of  seven  years,  have  spent  £  12,000  ($210,000)  out  of 
revenue  and  £i3r),000  ($275,000)  out  of  our  improvement  l  iiiid.  Then  w  e  shall  have  a 
line  of  2!t:)  miles.  iTududini;-  the  Tueblo  branch,  of  which  01  miles  in  the  nu)uiitaiii  dis- 
trict \\  ill  he  laid  with  s]ieciall\  heavy  rails  and  sleepers,  and  with  22!»  miles  laid 
with  steel  sleei)ers  on  the  incr(,'ase<l  scale  of  which  I  have  just  spoken.  And  then 
w(;  may  ho]>e  that  our  e\])enditure  on  the  permanent  way  or  tra(  k  will  for  a  long 
len<ith  of  years  be  so  inconsideralile  thai  it  need  md  he  taken  into  accouiil. 

^Ffa'ican  International  1Jailwa\  (^•au,i>e  -i  leet  Si  indies). — 
III  May,  1S92,  Mr.  ('.  P.  Iluiirin.iitoii  wrote  tne  tliat  he  (*,oiiteiiii)lat(Ml 
('.\"])»'riiii('iitniu  with  scNcial  tliousaiMl  metal  ties,  but  tliat  so  far  tlio 
prices  liad  been  a  lit ihi  too  lii-li.  No  l;iler  information  lias  been  fiir- 
nislied  ill  response  to  inquiries, 

AIexic^an  Soi  TiiERN  IJ.MLWAY  ( <;-ange  .'Meot). — On  this  lino  steel 
ties  8  feet  Ion*;',  Avei^^liin^;'  110  iiounds,  are  said  to  be  in  use. 


Section  G.— NORTH  AMERICA. 


UlS^ITET)  STATES. 

General  IvEMAtjks. — Since  the  date  of  my  former  report  some  fur- 
ther exi)erimeiits  have  been  madeAvith  different  forms  of  metal  ties,  but 
little  practical  pro^iTess  lias  been  noted,  and  it  is  to  be  regretted  that 
difficulties  connected  with  tlie  necessity  of  insulating-  the  rails  from  the 
ties  (o\vin<i  to  the  use  of  a  rail  circuit  for  signal  operations)  have  delayed 
the  putting-  in  of  the  1S,00()  steel  ties  manufactured  for  the  New 
York  Central  Railway.  While  the  natural  slowness  to  adoj^t  new 
systems  and  the  increased  iirst  cost  are  largely  responsible  for  this 
small  i)rogress,  it  is  almost  certain  that  another  important  reason  is  the 
economj^  which  has  been  effected  m  the  use  of  wooden  ties  by  placing 
metal  tie  jdates  between  the  rail  and  tie  (as  described  further  on  in 
this  report),  tliiis  clVecting  economy  and  improving  the  track  at  very 
slight  cost.  Sucli  methods,  however,  may  be  considered  as  merely 
postponing,  and  not  i>reventing,  the  increased  use  of  metal  track  in  the 
future.  Tlu'  radroad  cnmmissioners  of  Connecticut,  in  their  re])ort  for 
ISUo,  again  ielerre(l  to  tlie  i)rol)abIe  economies  to  be  derived  from  the 
use  ot  metal  ties,  due  to  the  reduced  cost  of  maintenance,  but  they 
make  no  mention  of  the  more  immediate  economies  to  be  effected  by 
the  use  of  ])reser\  ative  ])i'ocesses  and  metal  tie  phites  for  wooden  ties. 
Their  remarks  were  as  Collows: 

It  Ks  now  some  sixtt'cti  years  since  experiments  liefjan  in  l^nrope  and  India  in  tlie 
use  of  metal  ties,  and  their  use  lias  now  become  conniion  on  tlie  ("ontiiuMit  and  nearly 
universal  in  India  and  Mexico.  Very  "^reat  improvement  has  been  made  in  their 
construction,  and  though  the  Pennsylvania  Jxailroad  Company  has,  wo  beli(;ve, 
entirely  abandoned  their  use  after  trial  [this  action  has  little  or  no  significance,  as 
shown  later. — E.  e.  ii.  T.],  we  think  it  would  l)e  good  mana<^ement  for  our  companies 
haviuf;  the  heaviest  traffic  to  make  trial  of  them.  The  first  cost  is,  of  course,  greater 
than  that  of  wooden  ties,  being  three  or  four  times  the  cost  in  this  State,  but  Euro- 
pean experiments  have  demonstrated  that  the  life  of  the  metallic  tie  is  from  four  to 
five  times  that  of  wood,  while  the  cost  of  repairs  and  maintenance  of  track  where 
metal  ties  were  used  has  been  about  31  per  cent  less  than  where  wood  is  used. 
Should  trial  show  the  same  to  Ix-  true  in  this  State  there  would  be  710  c|uestion  as  to 
the  utility  of  the  metal  tie. 

The  commercial  importance  of  the  manufacture  of  steel  ties  as  an 
industry  is  commented  upon  briefly  in  Part  it  ("Manufacture"  and 
"Conclusions"). 

I  have  appended  to  this  report  a  list  of  metal-track  patents  issued 
since  niy  former  report,  and  this  list  includes  about  2r>()  ])atents,  mak- 
ing a  total  of  750  since  IS'M).  The  remarks  made  formerly  upon  such 
patents  (p.  270  of  original  report)  apply  eqnally  to  the  later  ones,  as  a 
whole;  for,  while  the  number  is  considerable,  the  proportion  of  these 
124 
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with  uscl'iil  or  practical  ideas  is  wiy  small.  liilact,il  is  surprisiii^r  and 
rather  discoiira.uiii.u  to  note  (1)  liow  little  (ni^iiialily  there  is  in  the 
designs;  the  iiiuiieroiis  mod  ilicatioiis  ol'  exist  iiiu  designs  tor  t  ies  and 
t'asteniniis ;  ami  (•">)  t  he  hopeless  complication  ami  impract  icahilit  y  of 
many  (d"  the  desii^ns.  As,  liowcNci.  tlie  (|iiestioiis  ol"  iiixciitioii  and 
(lesiL'ii  are  im])orIaiit.  1  liaNClhonuht  it  well  I o  i nclnde  not cs  of  x  arions 
designs  of  ties  wliicli  haxc  been  put  for\\ard  beyond  the  jtatent'' 
stauc  or  ha\«'  e\ en.  in  some  cases,  been  tried  exjx'riini'nt ally. 

in  regard  to  the  ties  of  which  a  lew  have  been  made  and  pnt  in 
ser\  ice,  and  for  which  the  inxcntors  natnrally  make  (daims  of  i)roved 
excellence  "and  en  t  ire  sal  isfact  ion,"  i  t  may  be  as  well  to  point  out  here 
that  such  trials  have  little  or  no  practical  value,  since  the  adjacent 
wooden  ties  may  (and  u'enerally  do)  relieve  tlu^  metal  ties  of  wei*^dit  and 
strain.  If  the  metal  ties  ha\'e  oix'U  ends  the  wooden  ties  offer  resist- 
ance to  lateral  motion,  althou<;h  the  inventor  of  the  former  may  chiini 
that  his  ••tests'"  i)r()ve  that  eh)sed  ends  or  other  means  to  prevent 
lateral  motion  are  unnecessary.  The  same  is  true  in  regard  to  tlie 
fasteiun.us,  as  a  system  whicdi  gives  good  results  when  applied  for  a 
}»ortion  of  a  rail  length  may  be  an  utter  failure  when  it  forms  the  sole 
fastening  for  a  length  of  traek.  Similarly,  from  the  expense  of  mainte- 
naneeof  a  few  metal  ties  the  inventor  may  argue  that  he  ean  show  a 
great  reduction  in  nniintenanee  expenses  by  the  use  of  his  ties,  some- 
times even  going  into  elaborate  estimates  to  prove  this  and  to  prove 
the  vast  saving  to  be  derived  by  the  use  of  metal  ties,  whereas  in  point 
of  fact  it  is  ])rol)able  that  the  adjacent  wooden  ties  have  sustained  most 
of  the  service  whi(di  is  credited  to  the  metal  ties.  As  a  matter  of  fact, 
then,  no  general  deductions  ean  he  drawn  from  the  results  observed 
with  a  few  ties.  In  saying  tliis  I  do  not  wish  to  be  understood  as  being 
ininncal  to  su(di  experiments  and  trials  (for  they  are  certainly  a  step  iu 
advance  of  designing  ties  on  pai)er),  but  merely  as  wishing  to  present 
very  strongly  the  fact  that  no  conclusions  of  value  can  be  based  upon 
such  linnted  trials.  On  the  other  hand,  no  metal  track  can  be  expected 
to  give  satisfactory  icsults  until  it  lias  been  put  in  actual  service 
and  modilied  in  accoidance  with  the  experience  thus  obtained,  and  it  is 
safe  to  say  tliat  such  experience  will  sliow  that  modilications  are 
necessaiy  in  every  case. 

All  railwa\'s  are  of  the  standard  gauge  of  1  feet  inclies. 

Summary  of  metal  trade  in  the  United  States. 


Chicajfo  nnrl  Western  iTidiana  

DelawHro,  Lackawanna  ami  Western. . 

Long  iHland  

New  York  Central  and  Hiidsun  Hiver 

Philadeli)hia  and  Kcadint:  

Minor  experiments  (estimated)  


Total 


steel  cross-tiee. 


Miles. 


Feet. 

1.000 
250 
950 

1,320 


500 
4,020 


*  Only  1,320  I'eot  are  laid. 
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Atchison,  Topeka  axd  Santa  Fe  Railway.* — In  my  former 
report  reference  was  made  to  the  experimental  nse  of  about  22  of  the 
Taylor  ties  on  the  Illinois  Division  (then  the  Chicago,  Santa  Fe  and 
California  liailway).  and,  as  stated  on  authority  from  ollicers  of  the 
road,  the  results  had  not  been  satisfactory,  there  being  considerable 
trouble  in  maintenance,  the  cost  of  which  was  much  greater  than  with 
wooden  ties.  In  May,  1894,  inquiry  made  of  the  engineers  resulted  in 
the  information  that  only  one  is  left,  and  it  is  not  known  when  the 
others  were  removed,  as  the  division  roadmaster  and  section  foreman  are 
dead,  but  it  is  thought  that  they  were  gradually  replaced  by  wooden 
ties.  Those  in  charge  state  that  when  the  last  two  were  in  service  the 
only  way  that  track  couhl  be  kept  up  was  by  having  a  good  oak  tie  on 
each  side.  The  ties  seem,  therefore,  to  have  been  entirely  worthless. 
Each  tie  consisted  of  two  trougli-shapt'd  supports,  11  inches  long,  8 
inches  wide  on  top  and  !)  inches  on  tlieb()ttom,()f  threc-eiglith  inch  metal, 
and  placed  Icngtliwisc  of  tlie  rail.  A  vertical  slot  in  I'ach  admitted  the 
end  of  a  tic  bar  live  eighths  by  1  inches,  witli  notches  to  titovcr  the  sides 
of  the  trough.  The  inner  edge  of  tlu>  rail  was  held  by  a  lug  as  the  sup- 
port, and  the  outer  end  by  a  lug  on  the  tie  bar,  an  arrangement  which 
allowed  of  no  adjustment  (U*  tightening.  (!'.  -<S7  and  Tl.  30  of  original 
report  and  note  on  the  Columbian  tie  I'urther  on.) 

Ciiattanoo(;a  and  Lookout  Mountain  Kailway.* — At  the  time 
of  my  former  report  it  was  understood  that  some  of  the  Schoheld  steel 
ties  were  to  be  tried,  but  1  am  informed  that  none  have  ever  been  laid. 

Ciii(  A(;()  AM)  Wkstekn  Indiana  IiAilway.* — On  this  road  the 
Standard  steel  ties  have  been  in  service  since  October,  1881),  and  a 
statement  from  rhe  roadmaster  was  given  in  niy  original  report.  This 
is  a  teriiiiual  road  with  very  lieavy  main  and  suburban  tratlic,  furnish- 
ing terminal  facilitir's  for  six  of  the  important  railways  entering  Chi- 
cago, and  n>ing  the  Polk  street  terminal  station.  In  January,  1891, 
Mr.  »I.  \V.  Clarke,  geiieial  roadmaster.  wrote  as  follows  to  the  Stand- 
ard Metal  Tie  and  Construction  Cojupany,  of  Xew  York: 

Replying  to  your  iiniuiry  n  lativo  to  the  i)reseiit  condition  of  the  Standard  metal 
ties  that  are  in  our  soiitli-boiiii(l  track,  south  of  Sixty-ninth  stu  et,  I  would  state  that 
these  ties  have  now  been  nearly  fiftet-n  months  in  use,  in  which  time  over  37,500 
trains  have  passed  «)ver  them.  The  cost  of  maintaining  them  has  been  so  small  as 
to  be  hardly  worth  taking  into  consideration,  for  the  reason  that  it  consisted  of 
redressing  the  shoulder  on  the  west  side  where  teams  along  Wallace  street  occasion- 
ally drive  too  close  to  the  track  and  tear  away  a  portion  of  the  shoulder,  but  the 
cost  of  redressing  the  ballast  is  not  chargeable  to  the  ties.  Where  this  track,  how- 
ever, necessitated  tamping,  we  found  that  about  one-third  of  the  time  was  consumed 
that  would  be  required  to  tamp  the  same  number  of  wooden  ties.  I  think  this  is 
due  to  the  fact  that  the  bottom  of  the  tie  is  nearer  the  surface,  and  consequently 
requires  no  digging  and  less  power  to  raise  the  track  sufficiently  to  allow  the  tamp- 
ing to  be  done.  The  firmness  with  which  the  ends  of  the  rails  are  held  upon  the 
foundation  makes  it  impossible  for  them  to  move. 

The  heads  of  the  rails  are  perfectly  even,-  and  the  usual  "  click,  click,"  winch  the 
wheels  make  in  passing  over  the  ordinary  joints  on  wooden  ties  lias  entirely  disap- 
peared, audthesection,  Avhcu  ridingovor  it.  seemslikeonc  continuous  rail.  1  liud,  also, 
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that  tilt'  fill  Is  ol'  t  lit-  lai  I-^  uii  (he  w  oTIilni  t  ics  an-  >1  i^li  t  ly  lla  t  Iciictl,  w  liilr  on  t  lie  steel 
t  les  t  In-  rail  CI  II U  .1 1  e  •,)!■  1  lee  1 1  \  >iiluiit  li  ;i  ImI  e  \  ell ,  w  li  ie|i  i  iiil  iiat  e>  I  lie  ;i  liseiire  ol"  t  lit) 
wheel  liiow  al  ihe  joiiil.  m  i  i  11  j  1 1  li  oils  to  rail  ami  1 1  >!  1  i  ii  si  c  le  .  With  t  he  Staiiilanl 
tie  I  liml  that  tlie  rail  cout  iiiiu-s  to  slaml  pt'ilei  lly  upright,  ami  the  wear  is  direetlv 
on  lo]»  I'i  the  rail  head,  while  with  wooilcii  ties  the  rails  an-  .sli'^hlly  lisleil  oiilwani 
ami  thf  Wear  is  inostl\  oii  tin-  inside  of  lli(>  rail  head. 

I'he  sudden  and  scinel  mics  se\  ei(<  eliniat  ic  eliaiii;es  to  w  hieh  (  hieano  is  sii  It  jeet  cd 
let  I  nie  t  o  ('\  jiert  that  t  here  w  on  Id  I  >e  eon  si  de  i  a  I  de  Ilea  \  i  n  l;  ()  I' t  he  1 1  e  w  h  e  n  I  he  mound 
heeaine  iVtt/.eii,  antl  sinkiiiLi  when  the  uroiind  thawed  a^ain.  and  that  shiniminj^ 
w  tiiild  ln»  so  (lillicillt  as  to  render  t  he  t  ies  ohject  iolialde  on  that  aeeoiint;  l>ul  there 
has  htcn  no  hea\  iii;i  Ol- settling  \vliate\t  r.  The  trai  ls  has  reiiiaim  d  in  jn  rl'eei  lint! 
and  .sniiace.  ami  no  sliiiniiiiiij;  has  ht'eii  reiinired. 

'I'lit>  hroail  lasteiiiiiLC  <d'  the  Standard  ties,  whith  holds  tlui  rail  ><>  iiinil\  on 
its  lonmlalion,  permits  less  rail  dcllt'tt  it)n  than  with  tlio  wooden  ties  and  sjiiko 
fa.sti'iiinns.  w  hieh.  in  in\  opinion,  aceonnts  for  I  he  snioothiu'ss  au<l  unil'oriii  t  last  i<  ity 
id' tile  trai  l;..  'I'heie  has  lu  eii  no  looseiiini;  ol"  the  IdotdvS  by  swelling;  or  shrinkago, 
and  the  hhu  ks  receiitl.N  i  xainiiied  were  I'oiind  to  ho  in  as  good  condition  as  when 
lirst  insfited.  riu-ri'  ha\e  lueii  no  loose  bolts  or  nuts  whatever;  the  rails  are  as 
lirinlx  heJd  now  as  w  hen  lirat  laid.  On  the  jnorninj^  of  the  15th  instant,  a  truck 
under  a  loaded  urain  ear  broke  (b)wn  wliile  passing  over  this  jiiece  of  track.  One 
tie  was  bent,  but  SO  slii;litl.\  as  to  lie  lianlly  noticeable.  There  is  every  indii  ation 
that  the  ties  will  remain  in  good  condition  and  service  for  many  years,  and  the 
sa\inu  111  road-gang  wages,  and  in  their  greater  safety  and  smoothness  in  riding 
w  hii  h  they  make,  should  merit  their  favorable  consideration. 

Later  in  the  same  year  (18t)l)  Mr.  Clarke  made  a  statement  of  the 
exiKM  ieiice  witli  tliese  ties,  showing  that  he  found  the  total  expense 
on  1,000  leet  ot.track  laid  with  steel  ties,  during  nineteen  months,  was 

1."). .")().  Tlie  greatest  part  of  this  was  expended  in  the  tirst  surfacing 
lip  111  Milt  l)allast  to  bring  the  steel  ties  to  the  same  elevation  as  the 
\\oodeii  ties  in  tlie  opposite  track.  During  the  sanu'  nineteen  months 
the  cost  of  labor  alone  on  the  1,000  feet  of  track  alongside  laid  with 
wooden  ties  was  8210.2").  The  saving  in  labor  alone  would  therefore  have 
been  sutlieient  to  ])urehase  65  new  steel  ties.  The  track  was  exi)osed 
to  a  very  heavy  tratlic,  but  JNIr.  Clarke  stated  that  the  part  laid  with 
the  Stantlard  tie  was  uotoulysafe,  smooth,  and  pleasant  to  ride  upon, 
hut  the  ties  were  a  money-saving  device,  and  should  coiniiieiid  them- 
sehes  to  railway  men  from  that  standpoint.''  He  added  tliat  by  reason 
ot  the  rail  IxMiiu  held  rigidly  ui)rigiit,  the  life  of  tlie  rail  was  increased 
very  (•onsideral)ly.  lie  also  ol)serve(l  that  there  was  less  oscillation 
,iihI  N  ibratiou  in  the  engines  and  cars  })assing  over  them,  especially 
111  hea\ily  loaded  cars  of  yielding  material  like  grain.  He  belie\ed, 
also,  tiiat  roilin.n  stock  would  have  a  longer  life  for  these  reasons. 

Dklawarf.  AM)  IIiDSoN  IvAiLWAV.* — Stecl  cross-tics  of  the  "Stand- 
ard" pariein  were  laid  Ibi  about  three-fourths  of  a  mile,  near  Saratoga 
Springs,  N.  Y.,  in  18!)0.  They  weighed  IK)  pounds  each,  iiad  creosoted 
bearing  blocks  for  tiie  rails,  and  were  spaced  2.f)  feet  apart.  These  ties 
were  desci  ibed  and  illustrated  in  my  fbriiier  report.  They  were  found, 
however,  to  be  somew  hat  unsatisfactory  and  were  taken  out  after  a 
year  s  service.  It  is  stated,  however,  by  Mr.  Swift,  the  chief  engineer, 
that  their  lailiire  here  may  Inn  e  beeii  due  to  the  soft  nature  of  the 
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roadbed  where  tliey  were  tried.  The  ballast  is  uf  tine  gravel,  and 
exceedingly  bad  frosts  Lave  to  be  contended  with,  so  that  the  condi- 
tions ^ere  admitted  to  be  severe,  and  the  ties  might  have  worked  well 
in  better  ballast  and  a  more  e(]uable  climate.  (Xo  such  trouble,  how- 
ever, has  been  met  with  on  the  Chicago  and  Western  Indiana  Eailway, 
where  they  have  been  in  use  since  1889.)  There  was  also  found  to  be 
a  lack  of  sufficient  bearing  surface.  The  fiistenings  of  the  rails  to  the 
ties  proved  excellent,  and  there  was  no  relaxing  of  these  fastenings 
and  no  cutting  of  the  creosoted  bearing  blocks.  The  Standard  Steel  Tie 
Company  states  that  trouble  was  experienced  by  the  flowing  of  the 
ballast  from  the  ends  of  the  tie,  the  ballast  being  tilled  in  to  the  rail 
base  and  then  sloped  down,  so  that  the  vibration  under  passing  trains 
caused  it  to  tlow.  This  would  easily  be  remedied  by  fiUing  the  ballast 
in  against  the  rail  and  shouldering  it  ont  level  for  some  distance 
beyond  the  ends  of  the  ties.  This  road  has  since  been  conducting 
experiments  with  sections  of  track  laid  with  ties  of  ditlerent  woods, 
treated  by  ditlerent  preservative  i>rocesses.  and  protected  by  different 
styles  of  metal  tie  plates, 

DELA^V.^KE,  LACKAWANNA  AND  WeSTEKN  KaILWAY.* — About  100 

of  the  Morrell  steel  trough  ties  (see  Tl.  Xo.  32)  have  been  in  use  lor 
the  past  two  years  on  the  Morris  and  Essex  division,  and  Mr.  A. 
Keasoner,  superintendent,  stated  in  July,  1804,  that  they  give  very  good 
satisfaction,  -'as  good,  in  fact,  as  I  could  expect."'  The  ties  are  in  use 
at  West  End,  and  Summit,  X.  J.,  and  Scranton,  l*a.  The  ties  are  of 
trough  or  channel  section,  jdaced  with  tlie  open  end  u[)waid,  and  resem- 
ble the  standard  steel  ties  ( PI.  No.  .'50.  of  original  report)  except  m 
the  fastenings  and  in  s»mie  otlier  particulars  noted  further  on.  They 
weigh  100  pounds  and  c(»st  about  ^'2  each.  The  tie  is  8  feet  long  over 
the  bottom,  7  inches  wide,  and  3  inches  dee]).  The  rails  rest  upon 
wooden  blocks  and  are  secured  by  clamps  with  a  vertical  bolt  on  each 
tide  of  each  block.  The  bolt  has  a  liook-shaped  head,  and  can  there- 
fore be  removed  and  replacetl  without  disturbing  the  tie. 

Denver  and  Ilio  Gkande  Kailwav. — Some  ten  years  ago  the  trial 
of  Krupp  steel  ties  from  Ciermany  was  proposed,  and  it  was  estimated 
that  ties  weighing  60  pounds  each  would  cost  81.53  each,  delivered  at 
Galveston,  Tex.,  duty  paid. 

INTEKNATIONAL  AND  GREAT  NORTHERN  K  AIL  WAY.— SomC  of  the 

Saunders  ties  were  laid  at  Austin,  Tex.,  in  1801,  and  3Ir.  L.  L.  Thomas, 
the  roadmaster,  wrote  in  May,  1802.  that  after  twelve  months'  service 
they  were  giving  satisfaction  and  had  not  been  touched  since  they  were 
laid.    These  ties  are  described  farther  on. 

Lake  Shore  and  Michigan  Soutiiekn  Kailwav  i gauge,  4  feet 
8^  inches).— In  December,  1804,  Mr.  E.  A.  Handy,  chief  engineer,  stated 
that  half  a  dozen  of  the  Golder  steel  ties  had  been  recently  placed  in 
the  main  track  near  Cleveland.  The  track  is  ballasted  with  gravel, 
and  the  traffic  over  it  is  about  1,200  cars  per  day.    The  tie  is  a  shallow 
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uw  vvird  troiiuli  with  llariii.u"  sides,  aiitl  linviii.i^  an  optMiiMi;-  on  cacli  side 
ot  rarli  rail  seat  t linmiili  wliicli  projects  tlie  vertiial  leu"  of  a  Z  iioii 
wliose  liDri/oiit al  wel)  (iint  e\;icll\-  hori/.oiil al,  hut  ^In|»iiii;-  ddwn  so 
that  tlie  upright  h-i;-  is  inclined  a\va\  iVom  the  rail  lies  iirsid*-  the 
troiiuh,  I'hroiiLih  a  slot  in  the  npriuht  Ie,n"  passes  the  lorktMl  oi  slotte<l 
end  ot'  a  rail  (damp  whiidi  is  litdd  to  llu'  tie  l>y  a  vertical  i»nll.  'I'he  tie 
is  ahont  S  I'ei't  loiii:-,  one  inilt'  inch  thicdv,  <>  inches  wide  on  toi),  and  12 
incdu'S  out  he  hot  toin. 

L(»N(J  IsKAM)  K  viKWAV.* — Since  the  date  of  niy  ori.i;iiniI  rei)ort  an 
experiment  has  heen  made  with  the  Staiulai'd  steed  ties  I'orabont  three 
years.  There  were  oOn  ties  laid  Ibi"  the  trial.  HI  ties  to  a  rail  leii,i;fh  of 
.'iO  feet.  Half  of  them  were  laid  in  the  tangent  approaidiini;- a  .{-deiiree 
cur\  ('.  ami  the  other  half  on  the  curve,  c(Mitinnous  with  the  hrst  half. 
With  an  (devation  of  t  imdies  for  the  (Uiter  rail  on  the  curve,  for  an 
a\  i'ra,ue  speed  of  45  miles  per  hour  (no  train  exceeding"  IS  nnles  i)er 
hour  as  a  maximum'),  the  tracdc  witli  Standard  ties  slH)v.ed  a  decided 
tendency  to  shift  outwardly  in  line.  Witli  an  ordinary  elevation  of  1 
inch  or  less  i>er  de«;ree,  it  was  thought  considerable  trouble  and  expense 
mi;;ht  be  expected  in  keei)in<>- track  in  proi)er  line  on  curves  with  these 
ties,  tliougli.  as  noted  in  regard  to  the  ties  on  the  Delaware  and  Hudson 
Ivaihvay,  the  manner  of  ballasting  would  have  a  considerable  influence 
in  this  respect.  The  tratlic  over  the  ties  averaged  about  130  trains  per 
day  throughout  the  year.  The  wear  on  the  ties  from  the  tratlic  has 
been  very  small,  not  nearly  as  serious  as  oxidation. 

The  fasteinngs  of  the  rails  to  the  ties  have  given  no  trouble,  and 
are  considered  etlicient.  The  Joint  fastenings  (see  PI.  30  of  original 
rei)ort)  were  not  a  success,  as  they  did  not  hold  the  rail  ends  together 
in  track  inclined  to  "creep.''  Trouble  was  experienced  from  this  cause 
immediately  after  the  ties  were  put  in,  and  at  the  end  of  18  months 
the  Joint  ties  were  replaced  with  ordinary  wooden  ties,  and  angle 
splice  bars  put  on  the  rail  Joints.  In  the  three  years  the  cost  of  main- 
tenam*e  has  been  about  30  per  cent  greater  than  it  would  have  been 
with  wooden  ties,  owing  in  great  part  to  the  trouble  with  tlje  Joints. 
The  stal)ility  of  the  track,  depending  so  \n\\v]\  on  tlie  Joints,  has  been 
defective  from  the  same  cause.  The  experience  with  these  steel  ties, 
therefore,  can  hardly  l)e  taken  into  consideration  in  forining  a  fair  Judg- 
ment as  to  their  etiiciency,  since  the  inelliciency  of  the  joints  was  so 
great  as  to  vitiate  the  value  of  the  test,  at  least  during  the  first  eighteen 
months.  Since  putting  in  the  wooden  Joint  ties  and  the  angle  si)lice 
i)ars  the  result  has  been  much  more  satisfactory.  All  these  ties  have 
been  recently  removed  from  theii-  lirst  location  on  account  of  interfer- 
ing with  the  traidv  circuit  of  a  new  block  signal  system.  The  New 
York  Central  Railroad  has  had  similar  troul)le,  as  noted  fui  ther  on, 
and  this  brings  out  a  new  element  to  be  considered  in  the  adoption  of 
metal  ties  where  the  block  system  is  in  use. 
7037— No.  0  0 
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New  York  Central  and  Hudson  River  Eailway.* — After  the 
successful  results  iu  poiut  of  maiutenauce  which  atteuded  the  use  of 
the  800  Hartford  ties  laid  iu  November,  1889,  it  Avas  decided  to  use  steel 
ties  ou  the  four  track  line  foriuiii*;-  the  approach  to  the  Graud  Central 
Station  iu  l^ew  York,  iiicludiug  the  Harlem  tuuuel.  Ou  this  line,  over 
which  run  the  trains  of  all  the  railways  having  access  to  the  terminal 
station,  there  is  au  enormous  tratlic  of  reguUir  trains,  as  well  as  of 
emi)ty  trains  and  light  engines  running  between  the  station  and  the 
yards  and  the  roundhouses  at  Mott  Haven,  the  total  number  of  train 
movements  (including  reguhir  and  empty  trains,  engiiies,  etc.),  being 
about  500  per  twenty-four  liours,  and  about  three  fourths  of  this  traiiic 
is  during  the  day  hours.  There  is,  consequently,  nuich  difficulty  and 
waste  of  time  (involving  considerable  expense)  in  elfecting  maintenance 
work  and  renewals  to  track,  especially  in  the  tunnel,  without  inter- 
fering with  the  traffic,  and  ouo.  of  the  princii)al  reasons  for  adopting 
steel  ties  was  to  secure  a  pcrniancnt  and  substantial  track  and  thus 
ellcct  a  decided  economy  in  the  amount  and  cost  of  track  work,  both 
for  labor  and  material.  The  ti;u'lc  consists  of  l()0-])onn(l  rails  with 
3-tie  supported  Joints  spliced  by  3(i-inch  anu'lc  l)ais  and  six  bolts,  and 
these  are  now  laid  on  wooden  ties  in  broken  stone  ballast. 
»  In  1802  a  contract  was  let  to  the  Railway  Imi)roveinent  Company,  of 
Chicago,  for  33,000  steel  ties  ol"  the  modifu'd  Hartford  type,  ditl'ering 
considerably  from  those  lirstnsedand  havingan  improved  bolted  clamp 
lastening  designed  by  Mr.  Walter  Katte,  chief  engineer  of  the  road. 
Abont  Ls,(K)0  of  these  ties  have  been  manufactured  by  the  Schoen  Man- 
ufacturing Company,  of  Pittsburg,  but  the  laying  of  these  in  the  track 
has  been  delayed  for  the  reason,  mainly,  that  the  use  of  the  "track  cir- 
cuit'' in  the  operation  of  the  block  signal  system  made  it  necessary  to 
provide  tor  some  ellective  mode  of  insulating  the  rail  from  the  tie,  and 
though  this  has  been  devised  tiie  company  does  not,  apparently,  at  this 
time  deem  it  exjjedient  to  incur  the  additional  very  heavy  expense  for 
such  electric  insulation.  Tiic  steel  ties  are  to  be  laid  on  the  four  tracks 
between  ^li'ifty-sixth  street  and  One  hundred  and  tenth  street.  On 
the  new  four-track  steel  viaduct  thence  to  Mott  Haven  the  rails  will  be 
bolted  direct  to  the  steel  troughs  of  the  Hoor  system.  The  ties  will  be 
entirely  covered  with  the  stone  ballast,  except  at  the  rail  seats,  so  as  to 
leave  the  bolted  clamps  exposed.  From  the  outer  clami)s  the  ballast 
will  be  extended  straight  across  to  the  next  track  or  to  the  side  of  the 
roadbed,  thus  forming  a  good  shoulder  to  keep  the  track  in  line. 
Uetween  the  rails  the  ballast  will  be  crowned  3  inches,  thus  giving  a 
depth  of  G  inches  over  the  middle  of  the  tie,  which  is  depressed,  as 
shown  in  plate  31.  An  insulating  system  has  been  devised,  but  is 
understood  to  be  somewhat  ex^)ensive. 

The  tie  (PI.  Ij  is  pressed  from  a  steel  plate  one-fourth  inch  thick,  and 
weighs  about  100  pounds,  including  fastenings.  The  plate  is  of  Besse- 
mer steel,  with  0.10  per  cent  carbon,  being  uecessarily  soft  in  order  to 
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stand  the  li\(liaiilir  ( 1  ii  )|  >  It  )rm'  iiiciIkmI  of  mamilact  me.  1 1  s  oriLciiial 
si/t'  i-^  ^  t«'<'i  I  iiiflifs  loiiii"  and  V\:^  iiiclics  wide.  'I'lic  lini^lMMl  lie  7 
fi'ft  KMiKdn'S  Ioiil:.  wil  li  llic  cuds  tuiiictl  down  :iiid  I  lie  ni  idd  Ic  bent, 
down incdu'S  wil  li  a  (Mir\  (' of  Icct  10  inches  l  adiiis.  I'hc  cxt  rcinc- 
at  the  ends  is  10  iiudics,  Al  tlic  middle  I  lie  Ironi^li  section  is  (i 
inclies  w  ide  at  the  loj),  S  |Mnclies  w  ide  ;il  t  he  hot  toin,  and  i n (dies  deep. 
A  I  t  hi'  rail  seats  it  is  7  iiudies  wide  on  top,  10  iindH's  wide  on  t  he  hot  toni, 
and  L'[  inclies  deep.  There  are  lour  holt  holes  li  II  ecu  si  \  t  eeii  I  li  i  indi 
>>(piare,  and  each  rail  is  held  hy  two  (damps  with  se\'eii  eiuht  li  iindi 
holts,  lia\inu-  the  shank  heiit  at  an  aii^le  to  the  head.  In  this  way  ;i 
\veduiiij4"  urip  is  ohtained  ujion  the  rail  tlaii_i;"e,  and  the  (daiiipliasa 
slotlod  hole  so  that  the  i^auiic  can  he  adjusted  as  rcipiired.  It  was  at 
liist  proi)ose(l  "to  stamp  a  pixdvct  at  cacdi  side  of  eacdi  rail  seat,  the 
h(»nom  of  jiocket  sloi)iiii;-  down  iVoin  the  rail  and  lia\  iii,i;"  the  bolt  hole, 
so  that  a  strai.ulit  holt  could  bi^  used  and  would  lie  at  an  an<;I(^  wdth 
the  rail.  A  iiiiudi  hetter  a.rran.i;ement  is  that  actually  adopted,  by 
w  hich  the  pocdcets  are  avoided  and  bent  bolts  are  used.  A  w^asher 
is  used  toprcNcni  the  ed^es  of  the  nut  from  catclnnjn-  in  the  slotted 
hole,  hut  no  nut  hxdc  is  used,  the  use  of  the  Harvey  ^rip-thread  bolt 
enabliui;-  this  to  be  disi)ensed  with.  The  cost  was  about  $13.50  per  tie, 
])iit  would  be  less  now,  i)robably  less  than  82.  The  tie  weighs  92  pounds, 
or  100  pounds  with  attachments. 

In  l  egard  to  the  8(K)  ties  laid  in  1<S81),  Mr.  Ivatte  stated  in  April,  181)4, 
that  after  four  and  a  half  years'  service  tiiey  were  still  giving  very 
excellent  satisfaction,  while  the  cost  of  maintenance  of  tbeni  was  at  a 
mininuim.  lie  consid(!rs  the  new^  design  a  great  improvement  upon 
these.  Of  the  four  arrangements  of  spacing  the  older  ties  those  with 
a  uniform  spacing  between  the  ties  were  at  first  consulered  to  give  the 
best  results.  The  first  report  of  the  roadiiuister  gave  some  unfavora- 
ble oiiinions.  due  partly  to  the  fact  that  the  track  had  not  settled  thor- 
oughly together,  but  subsequent  experience  has  been  very  satisfactory, 
both  as  to  economy  and  elliciency.  The  general  experience  in  other 
countries  is  that  the  trouble  and  expense  of  maintenance  is  greater 
with  metal  ties  than  with  wooden  ties  for  the  first  year  or  two,  after 
w  lii(  h  it  tends  to  reduce  \'ery  considerably.  The  Ibllowdng  is  the  sub- 
stance of  two  re])orts  by  Mr.  O.  W.  lOggleston,  assistant  general  road- 
master,  made  to  the  (diief  engineer: 

\  March,  181)1.)  In  njlation  to  the  Hartlonl  steol  cross  ti(\s  hiirl  on  the  Hudson  Kiver 
ision,  near  (iarrisons,  .\.  Y.,  I  find  that  the  result  of  our  ^vork,  which  was  done 
previous  to  Dcccnihcr  10,  on  tlicse  tics  lias  been  very  satisfactory  since  that  date. 
W'c  have  had  very  littler  to  do  in  order  to  properly  maintain  tliein  slnc(^  Deceniher, 
and  that  which  we  did  hav(»  to  do  was  where  the  tics  are  spaced  3  feet,  center  to  ceu- 
irr.  I  hclieve  that  this  distance  is  too  frreat  for  ties  on  a  road  with  su<  li  heavy 
iraHicas  our  road.  'I'lie  e\-cii  spaciiiuot  2  feet  1 } iiiclics  lor  the  entire  lenj^th  of 
the  rail  has  , so  far  shown  the  best  results.  The  ties  art}  now  Indiliii;^  to  L,M)od  line  and 
surface  and  the  (  hp  holts  an-  rcMiamiUf;  in  ^^ood,  tight  condition,  with  hut  \  cry  few 
exceptions.  In  fact,  it  is  iiiv  opinion  that  wti  have  the  ties  now  in  sin  h  coiuhtiou 
that  they  can  he  maintained  at  very  little  expense  in  the  future. 
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(November.  1893).  At  this  date  tliese  ties  are  all  in  yood  shape  as  to  line  and  sur- 
laee,  and  the  bolts  are  iii  liood,  tight  condition.  Since  the  hist  rci)ort,  nuide  February 
1, 1892,  we  have  noticed  no  perceptible  change  in  the  condition  of  these  ties,  except- 
ing that  it  is  necessary  to  tamp  them  up  occasionally  ^vhen  they  become  loose.  The 
cost  of  the  labor  in  so  doing  since  February  1,  1892,  is  .f7r>.;)t.  which  averages  al)out 
4.7  cents  per  tie  each  year.  Tlie  last  report  was  a  fraction  over  .')  ceuls,  indicating 
that  the  condition  of  these  ties  is  really  improving.  During  i^he  past  two  years  we 
have  renewed  58  of  the  clip  bolts,  which  were  twisted  olf  iu  trying  to  screw  them 
up  tight.  The  labor  cost  of  this,  wliich  is  included  in  the  above-mentioned  sum 
($75.94),  is  $8.81,  or  say  $4.40  per  year;  ,58  bolts  eijiials  al»out  1.8  per  cent  of  the 
whole  number,  indicating  a  yearly  renewal  of  bolts  of  only  about  0.9  ])er  cent,  wliich 
I  regard  as  a  very  good  showing.  During  the  early  part  of  last  si)riug  a  IVeight  car 
was  derailed  and  ran  over  thi^  entire  length  of  these  ties,  causing  slight  marking  and 
denting  near  the  center  of  the  ties,  but  otherwise  doing  no  damage.  I  regard  this 
on  the  whole  as  a  very  excellent  showing  Ibr  these  tics,  and  in  the  ■ini|)roved  model, 
such  as  those  we  now  have  on  hand  for  the  Fourth  avenue  tunnel  tracks,  l)eing 
depressed  in  the  center  an<l  covered  by  l)allast,  the  injury  above  reported  by  wheels 
off  track  will  not  occur. 

October  IS,  181M,  -Mr.  Ivalte,  chicr  cii^iiKH'r,  wrote  that,  according 
to  liis  annual  ( iistoin,  he  Inid  just  had  taken  \\\)  Coi'  examination  one  of 
the  Hartford  steel  ties  hiid  in  the  main  track  on  tin'  Hudson  Iliver 
division  near  ( rarrison  station,  and  had  re(;eived  tlie  followiiii;' report 
upon  it  from  Mr.  ().  W.  Kfjgleston,  assistant  general  roadmaster: 

The  tie  is  iti  very  good  condition.  Very  little  corrosion  in  spots  on  underside  of 
tie.  At  the  point  where  the  rail  comes  in  contact  with  the  lie,  between  the  l»olt 
holes  there  is  perceptible  a  slight  wear  on  the  outer  edge  of  rail  l»ase.  Tins  l)olts 
are  in  good  conditi(Ui.  I  think  <ui  the  whole  that  the  tie  ''shows  U]) "  very  favora- 
bly for  the  five  years'  service  they  have  n<»w  had. 

Some  of  the  Saunders  ties  were  laid  in  the  (rraml  Central  station 
yard,  New  York,  and  in  June,  ISD.'i,  the  supervisor  of  the  yard  stated 
that  they  were  giving  satisfaction  after  twenty-two  months'  service 
under  switching  engines  ami  cai  s,  and  that  the  ordinary  sj)ikes  dri\'en 
into  the  curved  holes  in  the  i;iil  bhw-ks  liad  not  loosened.  These  ties 
are  described  further  on. 

New  York,  Lake  Erie  and  Wesuorn  Railway. — A  few  of  the 
Daniels  steel  ties  {sec  PI.  13),  described  further  on,  have  been  tried  on 
a  side  track,  and  I  am  indebted  to  Mr.  A.  ^lordecai,  chief  engineer,  for 
the  following  comnumications  respecting  the  same: 

We  have  17  of  the  first  i>attern  of  Daniels'  steel  tie,  which  were  laid  in  one  of 
our  side  tracks  in  the  Youngstown  yard.  The  ties  were  put  in  service  in  Novemher, 
1891.  The  tie  is  of  much  lighter  pattern  and  entirely  different  style  of  fastening 
from  the  present  tie  made  by  the  Daniels  Steel  Railway  Tie  Company.  I  am  not  in 
a  position  to  judge  of  the  merits  of  the  new  jiattern  of  tie,  but  the  old  ]»attern  of 
tie  which  we  liave  in  track  did  not  give  satisfaction,  the  ties  being  so  light  that 
several  of  them  broke  off  under  the  rail,  and  the  corrugations  were  flattcmed  out. 
(J.  W.  Fuu'ceit,  division  roadmaster.) 

I  would  not  consider  the  fact  that  some  of  these  ties  have  seemed  to  answer  the 
purpose  as  furnishing  a  sufficiently  comi>rehensive  test  on  which  to  base  an'v  claim  as 
to  the  merits  of  these  ties.    {J.  /('.  Morris,  f/eneral  roadmaster.) 

Pennsylvania  RAiLWAY.*^This  road,  as  noted  in  my  original 
report,  has  tried  some  ot  the  Webb  ties  used  in  England  on  tlie  London 
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iiixl  Nort  li  wcsliMi!  ilailuay  ( iisiiii;  ;il><>  ilic  I'.iiulisli  biillln'a«l  rail),  l)iit 
tlic  ends  arr  ()|umi.  and  altlioiiLih  the  tirs  air  coNcrod  with  l)allast.  (lu'V 
vliiit  liiU'ially  ill  llic  track,  so  tlial  w  Iwic  ii'-cd  on  tlic  New  \'ork  (li\i- 
sioii  tiinlx'is  lia\  c  ht'cii  jmt  in  be!  w  fcii  (he  i'lid.^'of  some  of  llic  steel  ties 
and  tlie  wooden  ties  on  tlii»  oi)])osite  tiael^.  so  as  to  hold  (he  fbrinor  in 
line.  Some  eliaiiiiel  tie^  w  ith  rixeled  ;-oiiiieelions.  and  eosliiiL;-  no  less 
than  I  eacdi.  lia\e  iieeii  trieil.  hut  were  too  \\«'ak  loi-  tlic  ser\ ice.  and 
they  were  reiiio\ cd  Iroin  the  main  track,  Soiim  ol"  llie^e  were  put  in  a 
swit(di  track  in  the  lMiiladel|)hia  yard,  where  1  saw  thein  in  ISllI,  and 
they  were  then  bent  all  out  ol"  shape.  It  will  be  seen,  theielbic.  that 
the  experiineiils  on  this  road  were  eiilindy  too  limiteil  to  admit  ol"  an.\' 
coin  lMsions  beiiii;  draw  n  as  t o  t  hecllieienev  ol'  metal  ties  in  <j^eneral. 
1 II  ISDLl.  how  ('\ cr,  1  he  daily  pa|)ers  made  x  arious  statciiuMits  to  the  etlect 
that  the  reimsyhania  K'ailroad  w  as  aba  ndoniiiii' metal  ties  after  liavinj;' 
e\l)erimeiited  with  them  Tor  lUteeii  years,  and  drew  eoiiclnsioiis  that 
metal  ties  were  a  failure.  These  concdnsions  have  no  doubt  had  some 
elU'ct  on  the  public  mind,  and  e\'eii  upon  some  engineers  not  W(dl 
inl'i Mined  as  to  the  facts.  As  a.  matter  of  fa(;t,  the  limited  trials  were 
of  little  siiiiiilieanee.  ami  the  broad  coiKdusions  were  <^roundless, 
(  spcciall)  in  \  iew  of  the  <i(Mierall\'  satisfactory  and  successful  results 
obtained  in  lon.u  exiKM  ience  on  several  thousands  of  miles  of  railway  in 
othei-  countries,  as  well  as  on  the  New  York  Central  Railway  and  the 
Chica-o  ami  \Vestern  Indiana  Kailway  in  this  country. 

IMiiLADKi.riiiA  AXi)  IvEADiNGr  IvAiLWAV. — Trials  of  the  Price,  vStand- 
ard,  and  lionzano  metal  ties  have  been  mentioned  in  the  daily  press 
and  elsew  here,  but  ."\Ir.  II.  K.  Nichols,  chief  enoineer,  informed  me  in 
.Inly.  1SI>I.  that  he  knew  of  no  other  than  the  l^rice  ties  being  used, 
and  of  these  he  furnished  i^aiticulars.  The  Price  metal  ties  [see  PI. 2) 
were  laid  dune  1),  IS!*.),  {'or  .KM)  feet  (level  tangent)  on  the  (iermantown 
bram  h.  the  work  beiiiLi  iu  (diarge  of  Mr.  Louis  Bhickstone,  division 
engineer  of  the  Philadeli)hia  and  New  York  division.  The  trallic  is 
both  freight  and  i)assen^('r.  with  engines  weighing  oO  to  7."")  tons  (2."> 
to  b")  Ions  on  t  he  di  i\ iim  w  lie(ds).  The  tie  is  ('om])osed  of  two  angle 
irons,  one  Ibiirt  li  by  l!  by."*)  imdies,  with  a  space  of  .'J  imdies  between 
them,  the  tie  being  7  feet  b  imdies  long.  S imdies  wide,  and  weighing 
100  ])onn(ls  com))lete.  The  material  is  wrought  iron,  with  rix'eted 
malleable  iron  brackets  on  top  and  t  liree  diai»liragms across  the  interior 
to  pi'e\'ent  lateral  shifting.  There  are  lb  ties  t<>  a  rail  length  of  .'50 
feet.  The  rails  icst  on  woo(|eii  bearing'  blocks  between  the  braidvcts 
and  are  secured  by  malleable  iron  clamps,  w  hndi  embrace  the  rail 
tlange  and  edge  of  t  le  and  are  held  together  by  a  liori/ontal  bolt  through 
the  blo(dv.  The  ties  are  ])aiiited.  They  wer(»  manufactured  ])y  the 
Price  Pailwa>  .\p])liaiice  ('oinpany.  of  Piiiladelph la,  and  cost  >'1'.7.') 
ea(di.  iiududing  littings.  f.  o.  b.  at  the  factorw  They  are  laid  in  ballast 
of  good  hard  furnace  >la,u.  and  carry  so  pound  rails.  Tlie.\"  ha\e  not 
been  in  ser\ ice  long  eiionuh  to  warrant  an  e\])ressioii  of  oj)iiiion  as  to 
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the  practical  results.  First-class  white  oak  ties  on  this  road  cost  70 
cents  each, 'as  an  average,  and  have  an  average  lite  of  seven  years  but 
the  life  of  a  wooden  tie  depends  as  much  on  its  wearing  quality  as  on 
any  etiect  produced  by  the  weather.  The  climate  is  variable,  and  not 
unfavorable  for  wood  or  iron. 

In  April,  1804,  Mr.  James  Price,  the  inventor,  wrote  as  follows  in 
regard  to  these  ties  in  particuhir,  and  details  of  his  other  forms  of  ties 
will  be  found  further  on : 

There  were  200  of  (nir  No,  3  metallic  ties  furnished  to  the  Reading  Railroad  in  May 
of  1893,  and  the  majority  of  them  were  placed  in  the  track  east  of  Wayne  Junction, 
and  have  been  carrying;  there  all  incoming  jiasscnger  trains  (185  per  day,  inclndinn^, 
I  think,  two  100-ton  locomotives)  now  for  nearly  eleven  months.  They  stand  well 
up  to  their  work  and  api>car  to  he  as  ^ood  as  on  the  day  they  were  laid.  The  rest  were 
at  that  time  reserved,  as  we  were  told,  to  place  upon  a  curve;  hut  there  have  beea 
lar<^e  chanj^es  in  the  administration  of  that  road  within  that  time,  and  I  have  no 
knowledge  that  they  have  been  lai<l.  They  much  surprised  tlie  trackmen  in  several 
particulars.  They  found,  after  an  hojir's  work  in  laying  them,  that  they  could  lay 
them  nearly  twice  as  fast  as  they  did  wooden  ties;  and  when  in  a  few  days  the  fore- 
man came  by  expecting  to  dress  tliem  up  with  further  tamping,  as  usual  after  a  few 
days'  use  with  wooden  ties,  he  found  them  in  such  substantial  shape  that  he  ]iassed 
them  by.  Ineb'ed  they  never  have  had  the  final  (illing  with  line  ballast  and  slight 
mounding  l>etween  the  rails  which  was  intended  to  be  done  for  them.  They  will 
hold  the  track  absolutely  upon  any  curves  in  which  wooden  ties  would  do  it  Avith 
the  same  ballast  which  would  Imld  wonden  ties  uj)on  the  severest  curves. 

In  the  summer  of  ISOI  aljout  l.(»Mi  of  tlie  Standsird  steel  ties  were 
laid  for  a  length  of  about  three  lourtlis  of  a  mile  in  tiie  main  track  at 
Philadelphia,  and  it  was  reported  that  the  results  were  so  successful 
that  the  railway  company  j»laecd  orders  Miththc  Standard  Steel  Tic  Con- 
struction ('ompany  of  New  ^'ork  for  more  of  these  ties,  to  be  used  at  ash 
tracks  at  the  furna<'es  along  the  road.  The  ponit  selected  for  the  trial, 
near  Philadelphia,  was  between  Columbia  a  venue  ami  Sixteenth  stieet, 
where  there  was  an  average  trallic  of  liOO  trains  jx  r  <lay.  The  ties  car- 
ried 80  pound  rails  and  were  laid  in  slag  balhist.  In  duly,  1804,  Mr.  E. 
C.  Tomlinson,  su])eriiit<'ndent  of  the  Philadelphia  ami  New  York  divi- 
sion, wrote  me  as  follows  in  legard  to  these  ties: 

The  number  of  the  Standard  metal  ties  on  this  r(»ad  was  orijrinally  1,000,  but  lat- 
terly only  r>Or>.  There  were  IH  ties  to  a  rail  length  of  30  feet,  making  1,875  feet 
of  track.  The  rail  fastenings  were  fairly  efficient,  but  there  was  no  ai»plianco  to  pre- 
vent the  rails  from  creeping.  The  ties  were  very  Tiustable,  working  uj)  and  down  in 
the  track,  and  the  track  also  was  unstable,  difficult  to  keep  in  line  and  surface. 
The  cost  of  maintenance  of  the  metal  ties,  while  they  lasted,  was  about  the  same  as 
wooden  ties,  but  the  conditions  were  too  dissimilar  for  comparison  with  the  cost  for 
wooden  ties,  as  the  steel  ties  would  have  to  be  renewedtwo  or  three  times  during  the 
life  of  a  white  oak  tie. 

Philadelphia,  WiLMiNarox  and  Pai.timork  Patlway.* — The 
statement  in  my  former  report  as  to  the  unsatisfactory  results  which 
attended  the  use  of  the  Travis  iron  ties  on  the  old  Philadelphia  and 
lialtimore  Central  Kail  way  led  to  some  criticism  from  Mr.  Brand  wood, 
who  had  patented  an  improved  form  of  tie  of  this  type,  <lesigned  to 
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nicct  till' ()l)i('ctiniis  cxpcricnccil  witli  (lie  ori^^iiial  'I'r;i  \  i-<  t  ic,  l-'iirtlicr 
iii(|iiiiy.  liMWCNrr.  (•(Hiliiincd  llic  si  al  cinciil as  to  the  oii.^i  iial  lie,  as 
sliowii  l)y  llu'  Inllnw  i iiii'  IcltiM-s.  sent  to        in  Jiiiu'.  ISDI: 

I  have  i.iki  ii  up  \]\<-  iii.itliT  with  .(iir  t'liL^iin'cr  in  fndt^r  to  conlinii  tin;  iiiijircssioii 
nMiKiiiiiiii;  in  iniiid  n-l.-i  I  i  \  »■  I  o  cxjU'rimt'iits  wit  li  mctallir  rross-tics  near  Cl:iy- " 
iiKHir.  Pfl.  Tlu'  rt'port  I'oninTly  in:iil<'  on  this  suhjoct  <1«m'S  not.  so  far  as  I  am  aware, 
n»MMl  any  material  cliani;*'.  It  was  mailc  witli  i^rcat  rare,  ami  was  intendcMl  to  li'-  a 
frank  statiMncnt  of  mir  ai  t  ual  cxpt  rirnct'.  TImto  isuoMiinj;,  tlicroforo,  to  chani^fi.  I 
am  friM'  to  sa y.  liowc\ cr.  t hat  informalion  rrai-lics  me  imlirrctly  to  tlic  olVcct  that 
moil'  or  li'Ns  improN  ciiirnt  liis  lucii  madi-iii  tlic  tic  sinci'  oiir  iMTimciils.  'J'lic 
owm  i  s  III"  tlu'  ili'vicr  slioiilil  lia  VI'  t  lir  hriu'li t  of  any  sncli  impro\  cmrnts  wit  limit 
(loiilit.  1)nt  you  will  roadily  in'ncivr  I  am  not  in  a  ])osition  to  spcsik  advinodly  on  the 
siihjrrt.  not  Iteiuif  familiar  with  any  advamrs  that  have  hccn  made.  (//.  F.  h'nnii  if, 
tlt  >iri  til  siij),  rintindent.  JimcS,  ISO/.) 

I  have  to  say  that  tho  c\])oriin('ntal  Travis  tirs  placed  in  the  main  tracks  of  this 
<  omi)any,  and  to  which  General  Superiutcndent  Ivenney's  conunnnication  refers,  failed 
to  ;xive  satisfactory  results,  for  the  reason  that  their  constitnt;nt  i)arts  were  l)adly  ])ro- 
jtortioned.  and  for  the  further  reason  that  the  owners  or  manufacturer  faihnl  to 
^ive  them  any  attention  duriui;  the  test.  I  am  informed  tliat  a  number  of  improve- 
ments have  l)(>en  made  in  this  tie  since  the  test,  and  i)ossibly  the  defective  features 
may  liave  been  rcn:edied.    (J.  FeUlpnnchc,  eiig'mccr  of  midntendncc  of  way,  June  19, 

KicHMoNi)  AM)  D.VNViLLi:  K*AiL\VAY. — T\A^()  of  tlie  I-I aiiiiuoiul  stoel 
ties  with  keyed  claiiip  fastenings  were  laid  in  1S90  and  181)1,  and 
reported  in  j^ood  condition  in  1894.    They  are  described  further  on. 

Terre  Haute  Street  liAiLWAY  (gauge,  4  feet  8i  inches).— At 
Terre  llaiite.  Ind.,  tlie»('lectric  railway  company  has  this  year  laid  an 
all-steel  track  on  ]Sinth  street,  a  business  street  leading  from  Wabash 
avenue  and  Main  street  to  the  union  station.  The  Daniels  tie  is  used, 
a  d('scrii)ti()n  of  wliich  is  given  farther  on,  and  is  laid  in  a  concrete 
foundation. 

Aftin-  the  necessary  excavation  the  ground  was  rolled  with  a  14-ton 
steam  road  roller.  Tlien  8  incites  of  l)ro]cen-stone  concrete  \va.s  placed 
in  i)osition  and  allowed  to  set.  Then  the  rails,  ties,  and  Joints  were  dis- 
ti  ibuted'and  coiinectcMl  together,  and  tlie  track  brouglit  to  tlie  recjuiied 
gra<le  by  putting  blocks  under  the  rails  at  intervals.  Tiien  4  inches  of 
concrete  were  tamped  under  the  ties  and  under  tlie  rails,  the  ineiiual- 
itiesof  the  surface  filled  with  concrete,  ami  tlie  whole  leveled  up  with 
concrete  over  theto])s  of  tiie  ties  and  i)ouii(led  to  a  level  sui  facu^  with  a 
wooden  rammer  and  allowed  to  set. 

The  ties  are  wSteel,  double  corrugated,  ami  heavily  coated  witli  tar 
while  hot.  They  are  li  inches  high,  7  inches  wide,  and  7  feet  long  Ibi 
straight  line  work,  and  are  laid  15  inches  center  to  center.  For  special 
work  the  ties  vary  in  length  as  the  necessities  refjuire,  up  to  20  feet  or 
more.  The  metal  is  one-half  inch  tliick.  Tlie  ties  were  manufactured 
by  the  Daniels  Steel  Tie  Company,  of  Youngstown,  Ohio.  The  rails  are 
fast<'ned  to  the  ties  by  clami)S  with  oil  sets  to  lit  the  base  of  rail.  These 
clamps  are  secured  ami  adjusted  to  tlie  top  of  the  tie  by  specially  made 
bolts  with  oval  shoulders,  inserted  from  below  the  tie,  with  the  head 
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below  aiul  the  nut  on  toi),  a  box  wrench  being  used  to  screw  uj)  the 
nuts. 

In  using  these  steel  ties  in  connection  with  tlie  Wiieeler  rail  joint  a 
me(^hanical  difficulty  arose,  as  tlie  Wheeler  joint  has  a  thickness  of  3 
inches  below  the  rail  base,  and  in  laying  track  with  mils  breakingjoint 
a  straight  tie  would  not  answer.  At  first  it  was  thought  it  would  be 
necessary  to  use  a  wooden  tie  under  the  Joints,  but  this  was  avoided 
by  devising  a  special  joint  tie,  which  was  adjusted  to  the  necessary  levels 
by  bending  it  down  in  the  center  3  inches  by  an  easy  oft-set.  In  laying 
the  track  these  si)ecial  ties  were  easily  placed  in  ])()siti()n  and  gave  per- 
fect satisfaction.  The  clamps  and  bolts  were  the  same  as  on  straight 
line  work.  The  joint  consists  of  two  parts,  one  of  which  is  keyed  onto 
the  other.  The  larger  or  heavier  part,  used  on  tlie  outside  of  the  rail, 
has  two  Ings  that  tit  in  the  angle  joint  holes  nearest  the  ends  of  rails. 
After  it  is  placed  in  position  the  lig1it<'r  ])art  is  keyed  on  with  a  large 
maul,  and  it  holds  the  rails  rigid.  Then  the  tie  is  placed  under  the 
joint  and  is  lastened  to  it  in  the  regular  way,  with  the  ex('e])tion  that 
the  bolted  clani})s  liave  longer  off  sets. 

The  Illinois  Steel  C()mi):in\'\s  7--])oiind  ^' Shanghai T  rail  is  used, 
being  <)  inches  high,  with  o  inches  base;  the  head  isli|]  inches  wide.  The 
high  web  perniirs  the  rail  to  rest  on  the  ties  and  brings  th(^  top  of  rail 
to  i)roper  level  for  pa\  ing  with  brick,  asphalt,  or  granite  blo(;ks.  In 
this  track  tlie  rails  are  laid  with  broken  joints.  Tlie])aviiig  is  of  brick, 
siveeially  shaped  bricks  being  used  along  the  inner  or  gauge  side  of  the 
rail  head. 

TIES. 

Bou:ano  tic. — The  steel  tie  desiifiied  and  ]>:it('nte(l  in  1X92  hy  Mr.  M.  F.  lion/.ano, 
as.sist;iiit  ^^jciieral  siiixMiiitendeiit  of  the  IMiilailelplihi  iiiul  Jtc;i(lhi<^  Railway,  was  of 
iuvertofl  tron<;li  or  cliaiiiicl  .section,  with  vertieal  .sides  and  nairow  bottom  llan<^e8. 
At  5  inc  lu'S  from  oaeli  end  of  the  tic,  and  at  abont  12  or  l~)  iiK  lies  from  the  inside  of 
each  rail,  tlic  toj)  table  wa.s  cnt  away  for  a  width  of  .5  inches,  ;uul  the  loosened  parts 
Averc  bent  down  to  obtain  a  hold  in  the  ballast.  The  end  ch>8in<r  ])iece8  extended  the 
fnll  depth  of  the  tie,  and  the  others  extended  abont  .S  inches  b(  low  the  bottom  of  the 
tie,  which  was  an  awkward  arrangement.  The  tie  was  to  Ik- X  feet  Ion;:;,  8  inches 
wide  over  the  sides,  10  inche.s  wide  over  the  bottom  flanges,  and  '.il  iiu  lies  deej).  'i'he 
metal  was  to  be  three-eighths  inch  tliick  for  heavy  track  and  one-foiirth  inch  for 
light  track,  the  weiglit  being  140  ponnds  for  the  former  and  105  ]iounds  for  the  lat- 
ter, and  the  cost  being  $2.25  and  $l.fi5,  respectively,  lliu-h  rail  was  fastened  by  a 
1-iuch  U-holt,  having  its  horizontal  leg  inside  the  tie,  with  a  grooved  bearing  piece 
or  washer  between  it  and  the  nnderside  of  the  top  table  of  the  tie.  The  bolt  lay 
diagonally  across  the  tie,  its  vertical  en<ls  passing  throngh  ronnd  holes  and  having 
clamjjs  bearingon  the  tie  and  rail  Mange,  the  nnts  screwing  down  on  the  clamps.  At 
the  rail  joints  it  was  propo.sed  to  use  special  angle  splice  bars  with  wide  flanges,  the 
bolts  passing  throngh  these  flanges.  The  ties  were  to  be  spaced  2  feet  0  inch(^s  cen 
ter  to  center.  I  have  not  been  able  to  h^arn  of  tlie  ti<;s  being  made  or  nsed,  but  am 
informed  that  they  were  never  tried  on  the  Philadelphia  and  lieading  Railroad 
(L'nited  States  patents  Nos.  ■137,170  and  441,926.) 

Brandnood  tie. — This  was  designed  as  an  improvement  on  the  Travis  tie,  tried  on 
the  Philadelphia,  Wilmington  and  lialtimore  Railway.  It  is  a  cross-tie  of  iron  or 
steel,  having  a  cross-shai»ed  section  at  the  middle,  with  the  ends  of  the  horizontal 
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part  tiinicil  <l»)\vii.  At  radi  cinl  nl  tin-  In-  is  rdinicil  a  hollow  "  hox  "  (Ifcjtci  than 
tlieotluT   ])ort  loiis  of  t  lie  t  If,  ,1  ml    llir   lioil/oiilal  ol    tin-    tic    is  widened  ;il  llie 

tMiils  to  tonii  a  plate  aroiiml  e.ieli  iio\  and  In  L:i\f  .iiiiple  li«';iiiii'4  I  li«'  l»alla:.t. 
Tlie  hot  tiMM  ot  I  lie  lio\  is  clox'd  ,ind  has  ;i  li  h  (d'  /\-sect  Ion  u  ndei'  the  rail.  Ilaeh 
rail  i>  lanied  on  t  w  o  c  la  nijis,  t  he  top  ol'  which  is  of  C-^li;'|"'  ^"  ' 
and  has  a  lon^i  lo\vt*r  Ic^  td  w  cdLie  forni  w  hieh  li  I  s  into  I  he  l»o\.  'I'he  ri  1»  in  t  he  hot  t  oiii 
ot  the  hox  h)ic»'.s  the  lowef  h'i;s  of  the  (daiMjis  apait.  eaii.sin'4  the  np|)er  part  to  urip 
thr  rail  liuhtl\.  evpei  ially  w  lien  the  \veiL;hl  ol'  a  liaiii  eonieH  njx)!!  the  rails. 
Wooden  ldo(lvs  are  pla.-eil  l.etwfeii  the  ha(lxs  (d"  Hie  wedges  and  I  ho  sides(dtli(' 
hox.  At  rail  joiiils  the  iipj  er  part  of  the  (d.iinps  is  made  (d"  extra  length,  lo  '^\\t'<  a 
i,M)od  hold  (.11  the  rail  emU.  \o  splice  hais  or  holts  arc  used.  'I'lie  "  iio\  "  is  rather 
wider  at  the  middle  than  al  ihe  sides,  so  th.at  in  r(•ll(^u•als  the  (d.imi>s  ma\  he  e,i>ily 
kiiockeil  loose  from  the  sides  of  the  liox  and  w  it  hdra  wn.  1  hiis  oh  \  ia  t  i  ii '4  ( me  of  t  lle 
dtde(ds  said  I  o  exist  with  t  lie  I'r.iN  IS  tie.  that  I  he  clamps  hceaiiu'  wedded  >o  t  I'^lit  1  v 
in  the  lioxcN  that  the\  could  not  he  renioxcd.  Tiiis  tie  was  desiji^lKMl  hy  Mr.  i;. 
liramUvood.  of  1  Mi i lad(  1  pli i;i .  i'a..  and  ])atciitcd  ItcMcmher  «».  ISJM).  ( United  States 
J. at. ait  No.  1  IL'.  1  k;.  1 

Citlldhdn  Hi. —  This  coii.si.sts  ossentiaily  of  two  platos  tlic  full  Iciiiittli  of  the  tie, 
with  thr  njjper  (m1<;(>s  notched  to  iiitorh)ck  or  dovetail  with  the  i)ljite.s  inclined 
toi;ethei  at  an  anii;lt3  of  l~y\  and  forniiui^  a  A  in  cross  section.  The  ])lates  are 
held  hy  lii^s  and  split  keys,  and  are  cut  away  at  the  top  for  the  rail ;  ln<jjs  or  brackets 
on  ca(  h  plate  fornun<i:  the  rail  seat,  and  the  rail  hein<^  <>Tipi)ed  by  locking  Ings 
wliK  h  ])ress  tij^hter  as  the  weiixht  of  trains  tends  to  spre'  d  the  plates  apart.  In 
la\  inu  track,  a  tie  is  first  ]tiit  on  at  each  end  of  the  rail.  The  two  ])latcsof  each 
intermediate  tie  are  then  jnit  on,  one  slippCvl  on  from  the  right  and  the  other  from 
the  hit.  bringing  the  Ings  and  notches  into  engagement,  when  the  plates  are  opened 
out  at  the  bottom,  filled  with  ballast,  and  tamped.  The  cost  was  estimated  at  $2  per 
lie.  (Patent  No.  440465.  November  11,  1890.)  It  is  the  invention  of  .J.  J.  Callahan, 
of  Newbiirg,  N.  Y. 

<  iiiiiinn  iit. — This  is  intended  to  ntili/.e  old  rails  and  resembles  somewhat  the  Z- 
l>ai  ti»-  {xct  Belgium).  Two  inverted  rails  ar(;  riveted  together,  with  the  outer  half 
()l  each  rail  chair  l)etween  them.  Tiie  trac  k  rails  rest  on  the  tie,  with  the  onteredge 
ol  the  llanue  entering  the  lixed  i)art  of  the  chair,  while  the  inner  edge:  is  held  by  a 
movable  (  hair  01  clamj)  bolted  to  the  lix<nl  chair  by  one  bolt  under  the  rail  and 
p;ii  aliel  w  ith  the  tie.  The  chairs  and  a  middle  si)riiig  piece  oiler  resistance  to  lateral 
motion  wlumthe  tie  is  i)a(  ke(l  with  balla.st.  It  was  d<isigned  in  1891  by  Iv  A.  Can- 
non, o(  Miiinea])()lis,  .Minn. 

('olu)nhmii  /((.  —  'fills  1.-,  a  modification  of  the  Taylor  tie,  and  is  being  j)iit  forward 
by  the  American  K'ailway  Maintenance  .Syndicate,  of  Philadelphia,  although  the 
original  and  ])ractically  identical  form  of  tie  seems  to  have  proved  a  failure  on  the 
At<  hisoii.  rop(d<a  and  Santa  Fe  K'ailway,  according  tf)  tln^  otlicial  statements  given 
on  a  previous  jiage.  It  is  claime<l  that  "in  construction  they  are  i)erle<-t  simplicity, 
having  neither  bolts,  rivets,  nor  keys;"  but  the  tie  would  probably  l)e  the  better  for 
one  or  other  of  these  (ornis  of  attachments,  as  the  i)resent  rail  fastening  by  lugs  on 
the  bearing  jiieces  ami  on  t  he  t  i(d»,i  1  >  do  not  ])romise  sutiticient  security.  The  two 
b(  (Iplates  are  12  im  lies  loiiu,  10  iik  In  s  w  ide  at  the  top,  llannu  to  1.")  im  lies  w  idc  at 
the  Lottoiii.  each  loiiniiiii  a  (dianm  l  01  tr<inuli  p.aralhd  w  ith  the  rail,  and  lia\  ing  the 
Minei  liaiiiie  cut  away  to  admit  (tt  tain|)ini'.  'j'liey  are  slotted  to  admit  a  Indiarof 
_L-sectioii.  1  iiK  lie>  high  and;!  iii(dies  w  kU-,  which  passes  through  both  hedplatesor 
tioii-hs.  The  joint  ties  have  bearing  pieces  20  inches  long  (jiarnlh  l  with  the  rail) 
and  ha\e.  two  angle-iron  tiebars  instead  of  the  iiuerted  "f-^ Two  lugs  on  the 
tojt  ot  ea(  h  lieariuii  ]iie(  t  ludd  the  inner  edi;t  of  the  rail  Mange,  the  Joint  bearers 
having  thiee  lii;;,s,  whih,  the  end  of  the  ti»d)ai  grips  the  outer  edue  of  the  rail  llange. 
The  ordinary  tie  weiuhs  S.")  to  !)(>  i>ounds  and  the  Joint  tie  120  to  I2r.  pounds.  It  is 
claimed  that  liiey  ina\  he  ]d.i(  r  i|  'J  feet  fJ  niches  center  to  center,  leaving  ]S  inches 
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"between  the  bearing  pieces.  Special  designs  iiave  been  prepared  for  elevated  rail- 
ways and  to  carry  switches  and  cross-over  tracks.  (United  States  patents  Nos. 
461776  and  525927.) 

Crane  tie. — This  is  a  cross-tie  of  cast  iron  or  steel,  of  ±-sectiou,  with  horizontal  top 
plates  for  the  rail  seats,  to  which  the  rails  are  secured  by  a  lixed  clamp  on  tlie  out- 
side and  a  bolted  clamp  on  the  inside.    The  inventor  gives  the  width  of  base  as  9 
inches,  and  estimates  the  weight  at  125  pounds.    (Patent  No.  467790,  January  26, 
1892.)    It  is  the  invention  of  J.  J.  Crane,  of  Summertown,  Tenu. 

Daniels  tie. — This  is  the  invention  of  Robert  E.  Daniels,  and  the  Daniels  Steel 
Railway  Tie  Company,  of  Youngstown,  Ohio,  has  been  organized  to  push  its  intro- 
duction. Some  of  the  ties  have  been  in  service  for  over  two  years  in  the  Youngs- 
town yard  of  th<^  New  York,  Lake  Erie  and  Western  Railway,  and  were  favorably 
reported  upon  by  the  yard  masters  in  1X91  and  1S92,  but  the  road  master's  report  in 
1X91  is  unfavorable,  as  already  shown .  Accor<ling  to  a  statement  furnished  in  August, 
1X94,  the  standard  tie  lor  steam  railway  service  (nee  PI.  2)  is  7  feet  10  inches  long,  7f 
inches  wide,  aud  weighs  XO  to  X4  pounds.  It  is  a  plate  rolled  Avith  two  lengthwise 
corrugations,  forming  an  up])er  channel  eleven-sixteenths  in<  h  deep  and  two  lower 
channels  nineteen  thirty-seconds  inch  de<^p,  its  total  dei)th  being  1,-^;  inches.  The 
sides  and  middle  are  three-eighths  inch  thick,  and  the  upper  corrugations,  u])on 
which  the  rails  rest  are  lifteen  thirty-seconds  inch  thick.  The  rails  are  secured  by 
two  clamps,  each  bolted  to  the  bottom  of  the  tie,  between  the  corrugations,  by  one 
five-eighths  inch  bolt.  For  street-railway  service  they  are  proposed  to  be  7  feet 
long,  7  inches  wide,  and  one-fourth  aud  eleven  thirty-seconds  inch  thick,  weighing 
56  to  60  pounds.  A  "tie  anchor"  is  used  to  prevent  lateral  shifting  on  curves,  and 
consists  of  an  arched  piece  of  similar  section  to  the  tie  fastened  underneath  the  rail 
seats.  Mr.  Tliomj)  llurton,  president  ancl  manager  of  the  comitany,  wrote-  as  follows 
in  .June,  IX! M  : 

''Just  when  we  were  }>rej)ared  to  manulacture  and  had  several  orders  booked  for 
our60-ponnd  street-railway  tie,  the  coal  strike  came  on  here,  and  we  have  been 
unable  to  make  ev<'n  a  single  sample  tie  during  the  ]>ast  month.  I  have  been  obliged 
to  refuse  to  contract  for  filling  any  orders  until  the  strike  is  ended  and  to  cancel 
the  orders  we  luwl  on  hand,  all  except  the  one  for  some  1,000  or  5,000  ties  Cor  Russell 
R.  Harrison  for  his  Terro  Ilauto  street  railway  lines,  as  there  he  has  been  able  to 
get  an  extension  o(  time  for  the  comidetion  of  his  road,  the  city  authorities  appre- 
ciating the  situation  due  to  the  coal  famine.  1  have  not  solicited  any  orders  for  our 
heavy  tie,  preferring  to  concentrate  my  efforts  to  introduce  the  Daniels  tie  for  street 
railway  construction.  We  are  selling  the  60-pound  ties  at  66  and  67  cents  each, 
according  to  the  number  of  ties  ordered.  The  clamps  weigh  9  ounces  each,  while 
each  nut  and  bolt  weighs  a  fraction  less  than  5  ounces.  We  supply  them  in  con- 
nection with  the  tie  at  cost  price,  which  is  $2.90  per  100  pounds  for  the  nuts  and 
bolts  and  $1.75  per  100  pounds  for  the  clamps.  This  makes  the  four  clamps  and  four 
nuts  and  bolts  for  each  tie  cost  a  fraction  less  than  Scents,  making  a  total  of  74 
cents  f.  o.  b.  at  Youngstown  for  each  tie  with  its  fastenings.  In  the  case  of  i)rospec- 
tive  work  at  Cincinnati,  the  use  of  the  Daniels  tie  saves  at  least  40  per  cent  in  exca- 
vation and  an  equal  percentage  in  concrete  for  the  roadl>ed,  under  the  specifications 
and  requirements  of  the  city  engineer.  This  econouiy  of  excavation  in  original 
construction  I  find  to  be  a  strong  argument  in  favor  of  the  use  of  our  tie." 

The  ties  are  said  to  be  rolled  from  selected  old  steel  rails,  aud  immediately  upon 
coming  from  the  rolls  they  are  sheared  to  the  required  length  and  then  plunged  in 
a  tank  of  boiling  tar,  where  they  remain  for  sora<;  hours.  (United  States  i)atents 
Nos.  4X2997  and  522974.) 

The  description  of  the  street  railway  track  laid  with  these  ties  at  T<'rre  Haute, 
Ind.,  IS  given  on  another  page.  They  have  also  been  laid  for  a  length  of  one  block 
at  Newcastle,  Pa.,  and  200  are  to  be  laid  shortly  at  Cincinnati,  Ohio.  In  an  improved 
form  of  the  tie  anchor,  the  anchor  is  punched  on  a  level  face  surface  the  same  as  the 
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til',  tlx*  saiiir  Iinll  at  l.irliiiij;  lln'  if^Klioi-  ami  tin-  rail  <lam|»  to  tin-  tit«.  I'or  clictric 
railways,  whi  iln  r  w  ith  •  Miicnito  <»r  oi  lu  r  ii  illast.  it  is  »-(>iisi«l«'riMl  that  the  tir  7  Irct 
hui;^.  7  iiirlirs  wiilr.  ami  w  tMiiliiii;;  aiiproxiiiial «  ly  ■'^  |mhiii(1s»  ]tvv  foot,  will  iiu-rf  all 
r«M|iiiroiniMits.  At  l  In-  )(i(*>(iit  t  iinr  tlM«  tio8  woi^;hiM«;  tin  poiimls  or  less  aro  sold  at 
1.',  cfiits  |M'r  itoimtl  ^  iVof  oil  lioartl  at  the  works')  ami  t  hosr  o  \  rr  (in  |ioiiii(ls  at  1 coiitH 
per  i)oiiml.  As  the  fasten  inu^s  l'o|-  st  n-et  i  ail  wa  \  ties,  i  iic  I  ml  i  ii  tin-  Inin  iiolts,  nuts, 
ami  elaiiips.  cost  In  it  S  ((Mil  s  lor  each  t  ie,  t  he  t  ie  can  lie  sold  a  I  not  I  o  i\t  ((-(l  70  eeiltH, 
with  lasteiiiii;.:^.  "•  '»••  :""l  'he  tie  ot  SO  toUc  |toiiii<l.s  weight  lorstcaiii  railways  at 
a  cost  not  to  e\cec(l  .f  1  p(>rtie.  The  anchors  ar(>  only  re(|nire<l  on  st«^aiii  railways 
and  on  I  iirves.  Their  cost  ])er  )ioiiml  is  the  same  as  thaf  of  the  ti»\  or  alioiit  1(5  <'enr.s 
per  anchor, 

(ili/ini  (ii. — The  tie  ]>atented  l)y  .M.  A.  (ilyiin,  of  ll;ivaiia.  Ciiha,  is  cross-slia jied  in 
seetion.  having  the  upper  rih  eiit  away  at  the  rail  seat  to  allow  tlui  rail  to  r(;st  on 
the  horizontal  llani^e.  The  elainits  are  driven  sideways  across  the  ti<',  fittin;^  under 
the  upper  ril»  and  hearinj;  njioii  the  horizontal  llaii<je  and  (he  rail  llanuc  A  sjiike 
or  stud  tliroiiijh  tlu^  elaiiip  and  tie  holds  tho  toriner  in  position.  In  another  desi;;n 
tlie  clamps  are  disjionsed  with,  the  notches  in  the  upper  rib  of  tho  tie  eoiifonniiif^  to 
the  shape  of  the  rail  llani;e  and  the  rail  beini;-  rcdled  witli  a  llanue  of  varyiii<;  width 
so  that  the  tie  can  he  ]»iit  on  below  at  the  narrow  part  and  then  driven  along  until 
it  wedges  lirinly  upon  the  wider  part  of  the  Hange. 

Gottlieb  //<>,— The  tie  patented  in  ISS.")  by  the  lati^  Mr.  Abraham  (Jot  I  lie)),  civil 
engineer,  wa.s  of  inverted  trough  section,  with  the  lower  parts  of  the  sides  vertical, 
and  having  a  V-'^haped  groove  rolled 'in  the  top  table.  The  section  proposed  was 
7  inches  wide  on  toj^  10  inches  on  the  bottom,  and  4^  inches  deep.  The  sides  were 
vertical  for  one-half  inch  frotn  the  top,  then  sloped  out  1.^  inches  in  a  depth  of  If 
im  hes,  and  then  drojiped  vertically  2\  inches.  The  groove  was  \h  inches  wide  on 
toj)  and  about  1  inch  deep.  The  nu.'tal  was  live-sixteenths  inch  thick  at  the  top  and 
>ides.  «lecreasing  to  one-fourth  inch  at  the  bottom  edges.  A  Hat  plate  on  edge,  with 
the  ends  bent  at  right  angles,  was  riveted  to  the  vertical  sides  at  each  end  of  the  tie, 
and  a  third  jdate  at  the  middle.  The  tie  was  8  feet  long  and  weighed  170  pounds,  in- 
clmling  the  fastenings.  At  each  rail  seat  were  two  slots  at  an  angle  of  45  degrees 
with  the  track,  the  inner  slot  being  on  one  side  and  the  outer  slot  on  the  other  side 
of  the  longitudinal  groove,  lioth  slots  at  each  seat  w  ere  inclined  in  the  same  direc- 
tion. Under  each  rail  were  twolockmsr  ])latesor  tie  jilates,  each  having  a  lug  lifting 
over  the  side  of  the  tie  and  a  slot  at  right  angles  to  the  slot  in  the  tie.  A  hook-head 
bolt  was  nse<l,  the  body  of  the  bolt  ].assing  through  the  tie,  locking  plate,  and  a  rail 
clamp  upon  which  the  nut  bore. 

Hamiiiond  tie. — The  tie  designed  by  Mr.  V.  P.  Hammond,  superintendent  of  the 
Atlanta  and  Charlotte  division  of  the  Kicliniond  and  Danville  Railway  (and  now 
chief  engineer  of  the  Savannah.  Amerieus  and  Monrgomery  Railway,  at  Americns, 
Ga.),  is  a  steel  cross-tie  of  trough  section,  with  llai  ing  sides,  and  having  the  top 
table  cut  away  and  bent  down  to  close  tho  «Mids.  It  is  of  |J-inch  steel,  and 
weighs  120  pounds.  At  each  rail  seat  are  two  T-shaped  slots  extending  from  tho 
sides  of  the  tie,  one  leg  of  the  slot  inclining  slightly  toward  the  rail  and  the  other 
at  right  angles  to  and  extending  to  the  rail  seat.  A  clamj)  with  grooved  edges, 
engaging  with  the  thickness  of  tho  tie,  is  slipjjod  into  the  slot  and  along  the  cross 
slot  till  it  bears  upf)n  tho  rail,  and  a  similarly  grooved  taper  piece  or  key  is  then  , 
driven  in  tho  slot,  bearing  against  the  back  of  the  clam])  and  driving  it  lirmly  up 
against  tho  rail.  The  key  or  wedge  is  slightly  twisted  or  warited,  th<'  key  being 
thus  siirung  and  locked,  so  that  a  close  lit  is  not  necessary,  and  there  is  no  liability 
of  tho  key  getting  loose  or  slacking  back.  In  answer  to  my  objections  that  ciacks 
would  be  very  likely  to  start  from  the  <'dges  and  corners  of  the  slots,  and  that  the 
parts  would  be  liable  to  rust  together,  especially  in  the  grooves,  Mr.  Hammond 
reidios  that  the  holes  will  l>o  rounded,  and  that  a  tap  of  the  hammer  would  easily 
break  through  the  rust ;  but  I  am  inclined  to  think  that  in  case  f)f  rail  renewals,  etc., 
it  wouhl  be  found  difficult  to  get  the  fastenings  otf.  owing  to  the  rusting  of  the 
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grooves  and  edges.  This,  however,  might  be  provided  for  hy  tarring  the  fastenings. 
In  April,  1892,  Mr.  Hammond  stated  that  lie  had  had  two  ties  made,  one  of  which 
had  been  in  the  track  of  the  Richmond  and  Danville  Railway  for  two  years,  and  the 
other  one  year,  and  he  found  that  even  with  a  roughly-made  tie  and  a  loose-fitting 
key  or  wedge  the  fastening  kept  perfectly  tight.  In  May,  1894,  he  wrote  that  the 
wedges  were  then  as  tight  as  whea  tliey  were  put  on,  four  years  ago.  while  the  tie 
was  also  in  good  condition.  (Patents  Xos.  463045  and  463046,  Xoveniber  10,  1891.) 
A  modification  designed  to  meet  certain  objections  as  to  difficulty  in  tamping  the 
inverted  trough  tie  is  a  hollow  box  tie.  with  flat  top  and  bottom  and  llaring  sides, 
made  from  one  plate,  bent  to  shape,  the  ends  interlocking  along  one  of  the  lower 
edges,  no  riveting  being  required.    The  fastenings  are  as  already  described. 

Hartford  tie. — The  original  ♦ie  and  patents  were  noted  in  my  former  report,  and 
the  modified  form  made  for  the  New  York  Central  Railway  has  been  describeil  a 
few  pages  back.  Another  form,  however,  is  desigueil  with  a  pocket  2h  hy  2J  im  lies, 
stamped  on  each  side  of  each  rail  seat,  the  bottom  of  the  pocket  and  top  of  rail 
rlamp  being  inclined  4  to  1,  so  that  a  straight  bolt  would  be  inclined  away  from  the 
rail  instead  of  using  a  bent  bolt,  as  in  the  ties  artually  made  for  the  New  York  Cen- 
tral Railway.  The  bolt  hole  in  the  bottom  of  the  pocket  was  to  be  1/,,  in(  hes 
square,  to  fit  the  l  inch  sijuare  neck  of  the  bolt.  (See,  ahn,  patents  Nos.  467166, 
and  487733.)  These  patents  are  owned  by  the  Railway  Improvement  Company  of 
Chicago. 

HtUer  tie. — A  tie  proposed  in  1891  by  D,  C.  Heller,  <»f  Reading,  Pa.,  was  of  T  St  e- 
tion,  wider  and  deeper  at  the  ends  than  at  tlie  middle.  Under  the  rail  seat  was  a 
box-shaped  recess,  open  on  top,  in  which  was  fittol  a  wooden  bearing  block.  The 
edge  of  the  ''box'"  projected  above  the  flat  top  of  the  tie  an<l  formed  two  Ings  to 
lap  over  the  r)ater  flange  of  the  rail,  while  the  inner  si«le  was  held  by  an  ordinary 
spike  driven  into  the  block. 

ffiint  tiiM. — These  are  light  steel  ties  of  trough  section  used  for  industrial  and 
jtortalde  railways  for  idantations,  factories,  steel  works,  etc..  by  llie  C.  \V.  Hunt 
Company,  of  New  York.  The  usual  gauge  is  2li  inches  (but  varies  up  to  30  inches) 
over  the  outside  of  rail  heads. the  engiiu?  and  car  wlieels  having  outside  llang»-8.  The 
track  is  made  in  sections  20  feet  long,  with  T-rails  of  12,  16,  or  20  jiounds  jK-r  yard, 
on  steel  ties  sj)aced  24i  iuches  center  to  ci'nter.  The  ties  are  about  31  inches  long, 
with  closed  ends.  Each  rail  is  attached  by  two  rivets  having  hooked  ends  which 
fit  over  the  rail  flanges,  the  rivet  heads  being  inside  the  tie.  The  ties  are  usually 
34  inches  long.  6  inches  wide,  and  1  inch  deep,  with  metal  from  (Uie-eighth  to  three- 
sixteenths  inch  thi(  k,  and  the  weight  is  from  9  to  15  pounds  per  tie  complete.  Soft 
steel  is  u.sed,  having  an  elastic  limit  of  not  less  than  32,000  pounds.  The  rivets  are 
three-fourths  inch  diameter.  It  is  estimated  that  about  30  to  35  miles  of  this 
track  have  been  built,  usinsf  80,000  to  90,000  steel  ties,  usually  s])aced  24  inches 
center  to  center.  It  is  used  principally  in  manufacturins  establishments,  gas  works, 
coal  yards,  and  other  places  where  good  alinenient,  smoothness,  and  ]»ermanence  of 
track  are  desired. 

Kinuear  tie. — This  is  a  tie  with  an  '  automatic  clutch'"  fastening  for  the  rail, 
designed  by  ^V.  R.  Kinnear,  of  Columbus,  Ohio.  The  tie  is  of  T-section,  with  the 
wi*lth  of  base  and  height  of  web  increased  at  the  rail  seat  and  having  several  fillets 
connecting  the  flat  base  and  web.  It  is  weakened,  however,  by  cutting  away  the 
material  of  the  web  at  the  rail  .seat  to  admit  the  movable  rail  chairs,  which  straddle 
the  web  and  bear  against  the  rounded  projections  formed  by  the  ends  of  the  not<  he8 
cut  in  the  web,  which  projections  are  designed  to  act  as  hinges  upon  which  the 
chairs  or  jaws  should  turn.  The  chairs  are  narrow  and  give  but  a  small  and  insuf- 
ficent  bearing  to  the  base  of  the  rail.  This  chair  is  intended  to  give  an  automatic 
clutch  grip  upon  the  rail,  the  depression  of  the  rail  under  the  weight  of  a  train 
causing  the  two  parts  to  turn  on  the  projections  of  the  web  of  the  tie  and  thus  bear 
tightly  on  the  web  and  base  of  the  rail.    There  is  nothing,  however,  to  prevent  the 
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r;iil  iVoiii  rising  to  its  Iim  imit  imsit  ion  w  Inn  i  In-  t  r;iiii  li:is  passi  d,  sn  tli:i(  t  linf  would 
In*  ;i  roii8i»lfr:il»l«'  iMttliiiix  ami  |M)iiiiiliiiLC  oi  tin-  ti;nU  ami  r:i|iiil  wiarul  i  he  Immi-- 
iuj;  siirlact'^.  I'ln-  iia rniwiirss  ami  iiiniion  of'  tin-  parts  u|m)ii  w  liicli  thn  hasr  of  tlir 
rail  rests  uuiilil  almost  trrtaiiily  ri-^ult  in  a  \  cry  severe  cut  I  Mii;  and  wear  of  the 
rail.  Tiic  inventor  states  that  the  <  lnt«  h  can  lie  locked  l)y  a  taper  pin  driven  lhron;;h 
the  lo\vt-r  part  and  the  \v»d»  of  the  tie,  and  that  adjnstnient  of  ;;an^e  can  he  ellected 
hy  the  use  of  spe<-ial  si/cd  clutches,  hut  tin-  nsc  <d'  such  special  parts  is  a  d<M*idud 
ohjectiim  in  tiack  work.  I'hc  principle  upon  which  the  fast<'nin<;  is  (h'si".;iicd  is 
iniienitHis  hut  not  new,  hnt  the  arran.:enient  is  not  proinisim;  for  railway  tiack. 

Liinaisttr  tir. —  This  is  a  troni^h  ti«'  with  a  s(ii|)  o|'  metal  hent  in  tin'  form  al'  a  W 
(  with  hori/ontal  top  antl  hot  torn  Icnuths )  ]»Iaccil  inside  iiudci-  each  rail  seal  ami  ri\  - 
eted  to  the  toji  tald«'.  the  idea  hein-;  to  strenj;then  amTst  illen  the  tie.  ( I'nited  States 
patent.  No.  r)tn.'4(;4.) 

Mnrrfll  tic. — Tliis  is  a  st<'cl  trontjh  or  channel  tie,  placet!  with  the  open  si«le 
npward.  and  it  rescmldes  the  Standard  tie  (h'scrihed  further  on.  The  ties  in  use  on 
tiu'  l)»  lawar»'.  Lackawanna  and  Western  Ivailwav  («<r  IM. .'}_?)  wen;  inannfa<  ture<l  by 
the  Lackawanna  Iron  and  sit  cl  Conipan.N ,  of  Scranton,  l*a.  The  tie  is  i<  feet  Ion <jf 
over  the  hottotn.  7  inches  w  ide.  and  'A  inches  deep,  th»'  si<h'S  hein<^  vertical  and  bav- 
in.iX  tli«  ends  cut  at  an  an^^lc.  The  sides  are  ent  out  under  the  n.iil  '<n'  a  d<'i>tb  (»f 
thre«>-fonrths  inch  to  allow  the  rail  to  rest  directly  upon  a  wooden  block  within  the 
tie.  the  block  b«'ini;  three-eighths  inch  less  in  height  than  tin;  depth  of  the  channel 
and  as  wide  as  the  rail  base.  The  central  portion  of  the  liottom  of  the  tie  is  cut 
out.  and  at  the  ends  of  this  oiiening  the  bottom  is  bent  down  vertically,  so  as  to 
ailbrd  resistance  to  lateral  motion.  The  wooden  blocks  are  treated  by  a  preserva- 
tive process  and  are  placed  with  the  grain  verticaL  Vnlcanite  blocks  have  also 
been  tried.  On  the  outside  of  the  block  is  a  steel  plate  the  full  width  of  the  tie,  the 
ends  fitting  into  the  notches  in  the  top  edges  of  the  tie,  thus  taking  the  outward 
thrust  of  tlu'  rail  flange.  Each  side  of  the  rail  i,s  held  by  a  clamp  of  steel  h  by  3 
inches,  the  lower  end  of  which  engages  with  a  hole  in  the  bottom  of  the  tie. 
The  clamp  inclines  towar<l  tin;  edge  of  the  rail  l)ase  at  an  angle  of  about  45^  and 
has  its  upper  end  bent  t(»  bear  u])on  the  rail  llange.  while  on  curves  the  outer  clamps 
may  be  bent  so  as  to  bear  also  against  the  web  of  the  rail,  the  gauge  may  be  widened 
by  changing  the  two  clamps  of  one  rail.  Each  clamp  is  held  by  a  vertical  bolt 
having  a  hooked  head,  which  passes  through  a  hole  in  the  bottom  of  the  tie,  the 
nut  screwing  down  upon  the  clamp  and  the  bolt  can  be  pnt  in  or  taken  out  with- 
out disturbing  the  tie  by  merely  putting  the  bolt  in  a  horizontal  position  so  as  to 
make  the  hook  projection  of  the  head  enter  and  engage  with  the  bolt  hole.  (I'nited 
States  i»atents,  Xos.  457500,  457517,  457518,  and  483853.) 

Pope  tie. — The  tie  designed  by  .1.  L.  Pope,  of  Cleveland,  Ohio,  is  of  inverted  trough 
ejection,  with  nearly  vertical  sides,  and  having  the  ends  closed  by  slitting  the  sides 
n<'ar  the  ends  and  ttirning  down  tin;  top  table.  A  lug  is  stamped  up  at  the  ontsi<le 
of  each  rail  seat,  (itting  over  the  base  of  the  rail,  and  the  rail  seat  is  slit  at  each  side 
and  at  the  outer  end,  against  the  lug.  A  tie-plate  with  inclined  l)Ottoin  face  is  ])laced 
under  the  rail  ln-mling  down  the  rail  seat  and  a  C-shaped  lug  clamps  the  inner  edge 
of  the  rail  base  to  the  tie  j)late  and  tie.  When  the  tie  plate  and  clam])  are  driven 
outward  toward  the  end  of  tlie  tic  the  outer  edge  of  the  rail  base  is  forced  tightly 
umler  the  lug,  and  the  spring  of  the  bent  section  of  the  rail  seat  tends  to  keep  the 
])arts  from  working  loose.  It  wonhl  seem,  however,  that  the  cutting  loose  of  the 
rail  seat  wonhl  serionsly  weak«^n  the  tie  and  almost  inevitably  lead  to  cracks  start- 
ing at  the  corners.    (United  States  i)atent,  No.  502830.) 

Price  tie. — The  ties  designed  by  Mr.  .lames  M.  Price,  of  Philadelphia,  consist  essen- 
tially of  two  angle  irons  with  riveted  malleal)le  iron  brackets  on  top  and  iliaphragms 
below  (m*  PI.  2)  resembling  in  general  form  the  Hicks  tie,  tried  on  the  Delaware, 
Lackawanna  and  Western  Railway  (p.  2^7  and  PI.  30  of  my  original  report),  but 
having  C-shaped  clamps,  held  together  by  a  horizontal  bolt  under  the  rail.    Some  of 
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these  ties  have  been  laid  on  the  Phihidelphia  and  Keadiug  Railway,  as  already  noted, 
and  these  have  wooden  blocks  nnder  the  rails,  fitting  between  the  riveted  brackets. 
In  later  designs  these  blocks  are  eliminated,  the  rails  resting  on  malleable  iron  bearing 
plates,  the  edges  of  wliich  rest  upon  ribs  on  the  brackets.  This  brings  the  rail  lower 
down  nponthetie.  The  clam])s  bear  njjon  the  top  of  the  rail  llange  and  upon  the  nnder 
side  of  a  base  plate  riveted  inside  the  tie.  This  base  plate  has  also  a  transverse  rib 
the  full  depth  of  the  tie  to  prevent  lateral  motion.  The  inventor  chiims  that  any 
well-appointed  railway  shop  can  mannfaetnre  the  ties  for  their  own  roads,  reqnir- 
iugouly  the  angle  irons  and  the  malleable  fittings,  which  latter  are  furnished  by  the 
Price  Railway  Appliance  Company,  of  Philadelphia.  For  nse  on  bridges  or  elevated 
railways  the  tie  may  be  inverted,  with  the  rail  seats  or  blocks  resting  inside  the 
channel,  and  the  fiat  bottom  of  the  tie  resting  on  the  stringers  or  girders  of  the  strnc  • 
ture.    (United  States  patents,  Xos.  427109,  430590,  431172,  462062, 467432,  and  503253. ) 

Saunders  tie. — The  cross-tie  invented  and  patented  by  Ellison  Saunders,  of  Austin, 
Tex.,  is  a  Hat  plate  with  a  block  of  cast  or  iiKilleable  iron  attached  near  each  end  by 
bolts  or  rivets.  These  blocks  form  the  rail  seats,  and  have  spike  holes  which  are 
not  vertical,  but  twisted  or  curved.  Ordinary  spikes  are  used,  and  being  beut  in 
driving,  it  is  claimed  that  tln-y  will  not  work  loose.  To  stifi'en  the  fiat  })lato  it  is 
trussed  by  a  rod  having  the  ends  let  into  the  lower  parts  of  the  rail  blocks  and  the 
miiMle  passing  through  a  block  in  the  middle  of  the  tie.  A  T-ii"ou  is  also  riveted 
along  the  undeiside  of  the  jdate.  Some  of  these  ties  have  been  in  service  for  two 
or  three  years  in  the  yard  of  the  Grand  Central  Station,  New  York,  and  on  the  Inter- 
national and  (ireat  Northern  Railway  at  Austin,  Tex.,  and  have  been  favorably 
reported  upon  by  the  track  masters.  In  the  former  case  they  are  said  to  have  stood 
considerable  switching  trallic  without  the  spikes  loosening  their  hold.  It  weighs 
about  100  pounds  and  costs  $1.25pertie.    (United  States  patents  Nos.  450498,  463456.) 

Schoeu  tie. — The  pressed  steel  tie  manufactured  by  the  Schoen  Manufacturing  Cora- 
\>any  for  the  New  York  Central  Railway  is  sometimes  called  by  the  maker's  name. 
(See,  however,     New  York  Central  Railway''  and  "Hartford  tie,"  and  PI.  1.) 

Sears  tie. — A  steel  tie  designed  l)y  \V.  C  Sears,  of  Washington,  D.  C,  in  1892,  is 
of  trough  section,  with  bottom  convex  upward,  sides  fiaring  outward  from  the  bot- 
tom, and  horizontal  fianges  on  the  to\t  edges.  A  plate  across  the  open  trough  forms 
the  seat  for  each  rail,  being  <  lam])ed  to  the  e<lges  of  the  tie,  and  the  rails  are  held 
by  clamps  tightened  by  horizontal  wedges  or  keys.  The  troughs  would  be  filled 
with  ballast. 

Standard  tie. — This  tie.  whieh  has  been  descrilK-d  and  illustrated  in  ni}'  original 
report  (see  p.  3X7,  and  PI.  30),  consists  essentially  of  an  open  channel  or  trough 
with  vertical  sides  and  having  a  portion  of  the  bottom  cut  loose  and  l)ent  upward 
level  with  the  top  of  the  sides,  to  ofi'er  resistance  to  lateral  motion,  the  tie  being 
filled  with  ballast.  A  block  of  wood  with  grain  vertical  and  treated  by  a  preserv- 
ative process  is  placed  un<ler  each  rail  and  the  rail  is  secured  by  clamps  held 
together  by  a  horizontal  bolt  through  the  block.  A  modified  form  has  the  channel 
laid  on  its  side  with  a  brace  of  I-section  placed  inside  the  channel  nnder  each  rail 
seat,  the  rail  resting  directly  on  the  npper  side  of  the  channel  and  clamped  to  it  and 
the  I-piece.  This,  however,  is  an  expensive  design  to  manufacture.  The  ordinary 
form  of  the  tie  is  in  use  on  the  Chicago  and  Western  Indiana  Railway,  Long  Island 
Railway,  and  Philadelphia  and  Reading  Railway.  For  use  at  switches  and  cross- 
overs a  special  form  of  tie  has  been  designed  which  can  be  made  of  any  length  and 
admits  of  the  four  rails  being  clamped  at  any  desired  point,  thus  providing  for  the 
proper  position  of  the  main  track  and  lead  rails.  All  patents  on  these  ties  arc  owned 
by  the  Standard  Steel  Tie  Construction  Company,  of  New  York. 

Sfrauh  tie. — This  tie  was  patented  by  .J.  W.  Stranb  in  1893,  and  is  put  forward  by 
the  Straub  Safety  Metal  Tie  Company,  of  Philadel]>hia.  It  consists  of  a  fiat  plate 
with  one  edge  bent  up  and  the  other  beut  down,  whih;  the  ends  of  this  lower  web 
are  turned  in  across  the  tie  to  ofi'er  resistance  to  lateral  motion.    Upon  the  fiat  part 
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I  if  tlu'  l»lat»'  :ir«'  ri  \  «'Ir<l  t  w  <>  r:i  i  1  cha  i  o  1'  i  ii  \  crt  imI  l  loii^li  m-iI  imi.  p  laced  so  (  ha  t  t  lir 
>i(U«s  uill  otlVr  if.sistaiifi-  to  lateral  motion  when  I  In-  l.alla>l  is  lillctl  in  o\.  r  lli'-  tie. 
riulcnuMtli  t  he  Ihit  plate,  and  seiiireil  !>>  theiixels  attachiiii:;  t  he  (  liai  i--.  isahaid 
wooden  lio;ud,  tlio  idra  lieini;  lliat  this  will  prevent  the  hallasl,  I'luni  liein^  ;^ronnd 
line,  u  hile,  Dwiui;  to  tlii^  Itallast  Idtini;  into  it,  it  will  help  to  resist  the  lattiral 
motion.  Tho  rails  are  seen  red  on  the  «  hairs  h\  liolted  damps.  11  le  i  ies  are  propose(l 
to  !»»'  7  I'eet  (1  inches  lon^-,  7  inches  w  ide.  one- ton  rl  li  inih  thi<l\.  with  chairs  three- 
eiiihths  im  h  tlii<  lv.  riu«  weight  would  l>e  HO  pounds  and  the  cost  aliont  fL'.r)()  j»er 
tie.    d  iiitod  Stati's  patent  No.  liL'lL'l.) 

Sift  1 1  tic. — This  ti<'  is  the  invention  of  11.  T.  Sweet,  an<l  the  Sweet  Metal  Cro-ss-Tie 
Company,  of  Los  Angeles,  C'al..  has  lieen  ori;;iuize(l  to  introduce  it.  It  is  a  steel 
tron^h  of  sendcircnlar  cross  section  w  itii  w  i(l<>  horizontal  llani;es.  the  trough  being 
laid  w  it  h  t  lit*  open  side  np  ward.  Ateatli  rail  seat  a  hollow  lillin.^  piec(;  is  placed  in 
the  trough,  titling  the  shape  of  tlie  tie  and  ha\  ing  a  llat  iip|»er  part  ii]»on  w  hi(di  the 
rail  rests.  The  rails  are  fastened  by  ~l-shaped  (damps  as  long  as  the  w  idth  of  tlx' 
ti»'.  holttMl  to  each  of  the  horizontal  llaiiges  of  the  tie.  The  trough  may  ho  tilled 
with  ballast  or  left  op«'n  for  drainage.  The  wtdght  is  given  as  70  ]>ouiids,  which 
would  be  too  light  for  a  main  track,  and  the  price  is  giveu  as  $1.50  per  tie.  Tlie 
thickness  is  one-half  in(  li  \i>v  10  inches  under  the  rail,  and  thn'e-sixteenths  inch 
elsewhere.  Ill  order  to  relie\-e  the  Itolts  of  the  outward  thrust  of  the  rail  the  ends 
of  the  I  lamps  lit  into  uot(  hesiu  the  llau.ges  of  the  tie.  Ou  curves  a  combined  clamp 
and  rail  luaco  is  used,  which  allows  for  a  witlcning  of  gauge  to  the  extent  of  1  inch. 
I'he  bolts  are  seven-eightlis  inch  diameter.  To  resist  lateral  motion  the  ends  may 
)»e  cut  at  the  Junction  of  the  curved  i>art  with  the  llat  llanges,  and  the  latter  bent 
down ;  or  for  rock  ballast  a  ]>late  12  inches  wide  and  6  inches  deep  (cut  out  to  fit  the 
trough)  may  be  secured  at  the  end.  The  ties  are  12  inches  wide  over  the  llanges 
and  it  is  projiosed  to  space  them  2  feet  center  to  center.  (United  States  i)atent  No. 
IbhSilM.) 

Taillor  tie. — This  li:is  been  taken  up  by  a  company  and  st^ded  the  Columbian  tie, 
under  which  head  it  has  already  been  noted.  (Sec  also  United  States  patent  No. 
4t)1775  in  Appendix  No.  2.) 

Walker  tie. — A  cross-tie  of  cast  iron  or  steel  patented  in  1891  by  W.  Walker,  of 
Kansas  City,  Mo.,  was  a  Hat  i)late  bent  down  near  each  end  to  form  a  recess  or  box. 
wider  at  the  bottom  than  the  top,  in  which  was  placed  a  wooden  block.  The  cast  iron 
tie  had  a  rib  between  the  boxes,  this  rib  being  the  same  dei)th  as  the  boxes  at  the 
middle,  and  a  lug  ou  the  outer  side  of  each  box  held  the  rail  llange.  The  steel  ties 
had  a  lug  stamped  up  which  would  be  hammered  down  ui)OU  the  rail  llange.  In 
both  cases  sjjikes  were  used  to  hold  the  inside  of  the  rail. 

H  ard  tic. — In  1893  an  inverted  trough  tic  w^as  invented  by  W.  S.  ^\  a^(l.  of  I'liila- 
<lelphia,  as  part  of  a  proposed  system  of  track  using  a  llaiigeless  T-rail.  At  each 
end  of  the  tie  was  a  narrow^  (J  -'^l'^ipy'l  recess  to  lit  the  tapered  bottom  of  the  rail 
web.  (United  States  patent  No.  Ilt7502.) 
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Tlir  Inl lowing-  tabular  slatcmciil  is  ;i  smi»inai  >-  of  t  he  li^iircs  ohtaiucd 
iKHii  ollicial  let  urns  and  |)ul)Iislu'(l  stal  istics.  and  prt'sciiUMl  in  the  loriv 
^"oiii^  i>art  (»r  this  report.  It  sliows,  in  l)ri«'l',  that  tlie  proportion  ol' 
track  laid  with  metal  t  ics  to  tlic  total  Icn^t  li  of  railways  t  hroii^lioul  the 
world  has  increased  from  7  per  cent  in  !S!)()  to  nearly  10  per  cent  in 
1S!M.  l"]xcludin,i;'  the  I'nited  States  and  Oaiiada,  whicli  have  a  f»Teat 
railway  nnleai;e  with  an  inlinitesinially  small  [)eicentage  of  metal  track, 
the  i»ercenta,n('  has  increased  from  lo.li  per  cent  in  181)0  to  17.2  per  cent 
in  lS!)t.  Allowing  for  the  incompleteness  of  the  returns,  especially  in 
this  supi)lementary  re[)ort  (as  it  has  not  been  attempted  to  obtain 
re'uriis  from  e\-ery  railway  mentioned  in  the  former  report),  it  ai)pears 
l)robable  that  the  actual  percentages  (exclusive  of  tlie  United  States 
and  Canada)  are  abont  20  ])er  cent  for  1804  as  compared  with  15  per 
cent  in  ISOO.  At  the  International  Railway  Congress  of  1892,  held  in 
Paris,  Mr.  ivowalski,  who  has  reported  several  times  on  the  ([uestion  of 
metal  ties,  estimated  the  railway  mileage  of  the  world  at  44:0,000  miles, 
w  ith  about  40,500  miles  of  metal  track,  or  say  10  per  cent.  My  for- 
mer rejxtrt  of  1S90  oave  a  total  mileage  of  302,000  miles,  with  abont 
25,000  miles  of  metal  track,  or  say  7  per  cent.  The  i)resent  report  of 
1S04  gives  a  total  miloaiie  of  nearly  400,000  miles,  with  about  35,000 
miles  of  metal  track,  or  0  per  cent.    {Sec  Letter  of  Submittal.) 


JsECTioN  1. — Europe. 


Countries. 

Loufritiidi- 
iial.s. 

Cross-ties. 

Total,  1894. 

Total,  1890. 

Mile.f. 

73 
128 
322 
17() 
8.  025 
154 
Vl 
480 
♦7 
1 

18" 

7 
71 
309 
28 

Miles. ^ 

128 
322 
176 
11.  605 

'im 

VI 
480 
264 
1 

*h 
18 
9 
71 
309 
28 

Mil's. 

70 
52 

32!) 

llf) 
8,  787 

123 

FraiK  (■  

HolliinU  

3,  .580 

m 

397 
■^t2.39 

i 

18", 

Spain-  

ri»rtii-':il  

I)cliiii:irk                                                                                                        . . 

2 

Tiirki'\  rKiirniirl*    

71 

3,  644 i 

9,  502i 

13,  404 

10.  222 

13,  404 
137,  000 

10,  222 
132, 071 

*  Taken  fr(»in  my  original  report  of  1890. 

t  Two  hundred  and  fifty-two  miles  of  this  had  plate  ties. 

*  These  309  miles  an-  not  included  in  the  above  total,  but  in  the  total  for  .section  4,  Asia. 
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Section'  2. — Africa. 


Countries. 

liowls  and 
plates. 

Cross-ties. 

Total,  1894. 

Total,  1890. 

Miles. 
851 

Miles. 

39 
164 
*14 
o 

30 
5 

64 
60 

115 
48 

125 

Miles. 
866 
164 
*14 
2 
30 
5 

64 
906 
115 

*48 
125 

*62 

Miles. 

887 
120 
^14 

Al"'i'iiii                                               -  ... 

S   1 1 11 

S  1 

Kouuo  (l'ortu;;iieso)   

3 

Capt*  Colony  -  

60 

110 

*40 
*48 

<i  til  t  li   A  iVif'M  -'-   (  Pnrt  11  irii«*s:i> \ 

*62 

*G2 

973 

666 

2,401  1  1,290 

2, 401 
5,675 

1,290 
5,  200 

*  Taken  from  my  original  report  of  1890. 
Section  3. — Aualralasia. 

Oouutnos. 

Cross-ties. 

Total,  1894. 

Total,  1890. 

t^iu'cuslaijil    

82 
152 

MiU's. 

82 
152 

Miles. 

40 
146 

234 

234 

180 

234 
12,  000 

186 
10.  040 

5i|  crioN  1. — Aula. 

iJowls  and 
"""  '  "  ""^  |tla(t'8. 

Cross-ties. 

Total,  1894. 

Total,  1890. 

Miles. 
7,  595 

Miles. 
6,  050 
90 
500 
25 
2 
5 

309 

Miles. 
13,  655 
90 
500 
25 
2 
5 

309 

Miles.  ' 
9,  224 
90 
500 

7,  595 

6,  981 

14,  580 

9,314 

14,  586 
22,  000 

9,314 
J  9, 106 

*  Taken  from  luy  original  report  of  1890.              t  Sec  section  1,  Europe  (Turkey  in  Asia.) 
Section  5. — South  America,  Central  America,  West  Indies,  and  Mexico, 

r  . 

Bowls  and 
plates. 

Cross-ties. 

Total,  1894. 

Total,  1890. 

Miles. 
3, 438 

Miles. 
200 
1 

53 
218 
204 
185 

Miles. 
3,  638 
1 

135 
218 
204 
220 

2{ile8. 
3,  543 
1 
86 
57 

Chile  ^  

82 

35 

TotaLs  

3, 555 

861 

4, 416 

3,  764 

"3/764 
20,  702 

4,416 

2\.  500 

*  Taken  from  my  annual  report  of  1893. 
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( 'otiiit  ri«-s. 

Crnss  til'.s. 

1  ol;il.  IWM. 

ii.lal,  18'.H). 

12 

12 

2 

'r..t;il   

 ^± 

12 

170,  000 

12 
12 

100, 000 

2 

2 

174,000 

Sit  III  iiKi  ril  III'  luttlls  of  ii'ilriii/i 


Sect  ions. 

l.on^itiuliiial.s. 

15(.wls  iiiid 
plates. 

Cross-ties. 

'I'oliil  in.'tal 
track. 

1804. 

1890. 

1894. 

1890. 

1894. 

1890. 

1894. 

1890. 

3,  645 

3,637 

252 
973 

252 
993 

9, 502 
590 
234 

6,  981 
861 
12 

6,  240 
297 
186 
•  4,002 
332 
2 

13, 404 

2,  320 
234 
14,  58t- 
4,416 
12 

10,  222 
1.290 
186 
9.314 
3,  788 
2 

7.  rm 

3,  555 

5,  312 
3.456 

No.  5  

3,615 

3,  637 

12,  375 

10,013 

18, 154 

11,  059 

34, 863 

24,  802 

N«>Ti:. —  I'll'  iisi'  ot"  loii^it  ii<lin:il  bearings  is  being  abandoned  gradually.  The 
bowl.s  .ind  ])lates  ( in  pairs  connected  by  tie  rods)  are  mainly  in  s(;rvicc  in  tropical 
countries,  with  special  coinlit ions  of  track  and  traffic,  I>nt  these  also  are  being 
abandoned  in  la\  or  of  metal  cross  ties.  The  cross  ties  are  used  under  conditions  ot 
climate,  traffic,  track,  etc.,  most  nearly  similar  to  the  coiulitious  obtaining  in  this 
country. 

Pcrcetttdi/c  of  itichd  ttuick  mUeaijc. 


Si-cl  iiiii.s. 

Total  metal  track. 

Total  track. 

Percentage  of  metal 
track. 

1894. 

1890. 

1894. 

1890. 

1894. 

1890. 

No.  1  

Miles. 
13, 404 
2,  326 
234 
14, 5H6 
4,410 
12 

Miles. 
10, 222 
1,290 
186 
9,  314 
3, 788 
2 

Miles. 

137,  000 
5,  600 
12, 000 
22,  000 
21,500 

190,  000 

Miles. 

132,  071 
5,  202 
10,  640 
19,  106 
20, 702 

174,  000 

10 
40 

2 

66.  30 
21 

7.74 
24.  80 

1.75 
48.75 
18.  30 

No.  2  

No.  3  

No.  0  

Totals  

34,  863 

24,  802 

389, 100 

301,886 

9 

6.85 

Total  iiiilcayo  of  railways  with  inotal 
track  ■  

34,  863 
198,  000 
17.60 

24,  800 
187,  721 
13.21 

Total  iiiili-a;L;e  of  railways  of  the  world 
(exclusive  of  United  States  and  Cau- 

rercenta<ie .  of   railways   with  iix'tal 
track  (exclusive  of  I'liited  States  and 



1 

T^^RT  II. 


(;i:m:i;  \l  i;i:vii:\v  or  tiik  mktal  tkack  (^rKsriox. 


(JENEKAl^  REMARKS. 

Ill  tliis.  as  ill  all  otlicr  (|iiestions,  there  ;ire  two  extremes  whi(;li  are 
taken  up  iVoiii  time  to  t  iiiic.  ( )ne  of  these  is  to  the  effect  that  the  use 
of  iiH'tal  tics  is  merely  a  lad  and  an  nnsuecesst'al  experiiiieut ;  while 
the  otlier  is  to  the  elVeet  tliat  metal  ties  are  absohitely  essential  for  a 
sale  and  substantial  track,  in  July,  181)12,  a  number  of  daily  papers 
puhlislied  statements  to  the  etfeet  that  tlie  Pennsylvania  Railway  was 
abandoning-  metal  ties  after  experimenting  with  them  for  fifteen  years, 
and  sweeping-  eonclusious  were  drawn,  showini;-  that  metal  ties  as  a  whole 
were  a  complete  failure.  These  conclusions  were,  of  course,  absui'dly 
incorrect  in  view  of  the  very  limited  trials  on  the  Pennsylvania  Kail- 
way  and  of  the  tyi)es  of  ties  used  in  these  trials,  as  previously  noted, 
and  in  \  iew,  also,  of  the  satisfactory  ri^sults  on  many  thousand  miles  of 
railway  in  other  countries.  The  teclinical  pa|)ei's  called  attention  to 
this  l)aseless reasoning,  and  tlie  following  letter  from  Mr.  ]>.  E.  r^ernow 
(chief  of  the  Forestry  Division,  Department  of  Agriculture)  ai)peared 
in  the  Wasliington  Post,  setting  Ibrtli  the  matter  in  its  right  light: 

In  lliis  iiioiiiiiiu's  issue  I  <)1)S(m-\c  a  jiiirania ph  on  tlif  use  of  iiirfal  railway  tics  in 
this  count ry,  in  wli irli  it  is  asserted  that  the  I'cnnsyh  ania  Ix'ailway  ( 'oin])any  has 
ex))eiiineiit<Ml  w  ith  metal  ties  for  titteeu  years  and  liiids  th(Mn  unsatisfactory. 

Since  tliis  matter  is  of  more  i  mpoi'tanci;  than  it  may  at  lirst  a]))ieai-.  allow  me  to 
<-orreet  the  imi>ression  wliicli  sin  h  a  statement  mi,i;lit  j)ro(lnce  in  llie  minds  of  the 
jtnhlie  and  nninlormetl  iail\\a\  enu;ineers.  Two  years  a<;o  there  was  ])ul)lish<Ml 
iVoni  ihis  divisimi  a  n-port  ol"  ov»-r  '.>7)0  ])a<i-es,  nivini?  in  <ri-<\atest  <letail  tlie  ex])eri- 
nients,  notof  the  rniteil  Stati's  ah)ne.  hut  of  the  entii-e  world,  witli  refeicnee to  the 
use  of  metal  for  railway  ties.  It  is  there  shown  li\  actual  statistics  that  o\ci' 25,000 
miles  of  iMilwa>-  traci^  of  the  woi-hl  are  laid  on  metal,  and  tlii--  kind  of  li'acdv  has 
proved  its<dt"  in  most  cases  ai)solut(dy  sat  isfacIor.\  and  succcssfnl.  In  compai  ison 
witli  expcrniuMits  of  sucli  magnitude,  under  all  sorts  of  conditions,  the  alleged 
snuill  trials  of  the  few  ties  in  the  trades  of  the  reiinsylvania  K'ailway  ('om])any  aic 
of  no  \ainc  whatsoever.  'Id  show  the  folly  <>\'  genera  I  i/ i  nu"  from  these  few  trials, 
allow  me  to  say  that  in  the  r.'porl  al>o\-c  id'eired  to  there  are  d<'scril)ed  I'.M  patents 
taken  out  i  n  the  I 'n  i  t  I'd  .st  ;i  t  e^  a  lone,  none  of  whn  li  is  in  actual  u^c.  There  are, 
rurtherniore.  descrihed  some  iln  patents  m  ai-tnal   use.     It  would,  therefore,  appear 

1  lit 
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that  the  system  or  patent  used  in  the  trials  referred  to  would  have  to  be  stated  in 
order  to  found  an  opinion,  not  on  the  efficiency  of  metal  track,  but  on  the  efficiency 
of  that  patent. 

In  conclusion  allow  me  to  (juote  the  resulting  judgment  from  the  reports  of  the 
chief  engineers  in  control  of  nearly  25,000  miles  of  metal  track,  which  1  have  worded 
as  follows:  "It  is  not  a  consideration  of  initial  cost  that  makes  the  substitution  of 
metal  ties  desirable  or  profitable.  It  is  superiority  of  track,  permanence  of  road- 
bed, safety,  greatly  reduced  cost  of  maintenance,  and  hence  ultimate  saving  and 
economy,  that  recommend  the  metal  tie." 

On  the  other  hand,  some  enthu  siasts  claim  that  no  track  can  be  good 
and  secure  without  metal  ties,  and  that  any  form  of  metal  tie  is  supe- 
rior to  a  wooden  tie,  in  whicli  they  are  greatly  mistaken ;  and  such 
arguments  tend  to  retard  rather  than  hasten  the  introduction  of  metal 
track  of  proper  design.  In  some  cases  tiiese  enthusiasts  even  advo- 
cate legislative  action  to  compel  the  use  of  metal  ties,  oblivious  of  the 
fact  that  the  eflicient  metal  tie  and  the  introduction  of  the  same  are 
matters  of  development  and  not  of  arbitrary  action,  as  pointed  out  in 
my  original  report  {see  i).  294).  One  such  letter  sent  to  me,  and  printed 
jn  the  Engineering  New  s.  New  Y(uk,  May  18,  180.'>,  is  given  herewith, 
with  comments: 

Sir:  To  start  with,  let  me  say  what  nmst  practical  and  scientilic  meli  well  know 
that  railway  corporations  are  too  conservative  for  their  own  fjood  or  the  good  of  the 
public.  This  proposition  could  be  illustrated  in  many  ways.  Cheap  transportation 
is  undoul)tedly  desired,  and  at  once;  but  we  must  not  overlook  the  <|uestion  of 
remunerative  prolit  to  the  jiarties  who  supply  the  money  to  accomplish  this  result. 
How  can  both  these  ends  be  attaine«l  ?  The  reply  is,  l)y  saving  time— which  is  money. 
To  8ave  time,  <|uicker  speed  must  be  mad*-.  This  means  improved  facilities,  such  as 
machinery,  roa<lbe<l,  etc.  It  is  not  proposed  here  to  consider  the  former,  l>ut  to 
speak  of  the  latter.  It  w  ill  Ix;  gc^nerally  admitted  that  wooden  ties,  regardless  of 
the  character  of  the  ballast  used,  are  the  ch<':ij)est  as  to  first  cost  and  the  most 
expensive  in  the  end.  Iron  ties  are  most  cxi)ensive  as  regards  first  cost,  but  cheap- 
est in  the  end,  estimating  for  a  period  of  ten  years,  so  that  corporations  can  not 
plea<l  expens<*.  as  a  reasc»n  for  not  using  iron  ties,  unless  they  think  that  a  temporiz- 
ing policy  is  best. 

In  saying  this  the  jiarticular  lurni  of  ir<»n  tie  is  jiot  considered.  1  am  speaking  of 
iron  ties  in  general.  It  is  well  known  that  good,  substantial  iron  ties  are  now 
obtainable  at  about  three  times  the  cost  of  good  wooden  ties.  As  to  safety  and 
solidity  of  roadbed  made  with  iron  ties  there  can  be  no  question  that  it  is  far  supe- 
rior to  that  made  with  wooden  ties.  It  is  too  well  known  by  railway  constructors 
to  need  verification,  that  the  use  of  wooden  ties  necessitates  the  employment  of 
spikes  to  hold  the  rails  down,  and  that  rails  held  by  spikes  do  not  remain  in  line, 
even  with  the  most  careful  watching  and  driving.  On  curves,  especially,  it  is  a 
very  unsafe  method,  because  with  the  heavy  trains  now  in  use  the  si)ike8  loosen  and 
the  rails  sjiread.  It  is,  in  fact,  a  crude  and  dangerous  method  to  use  at  even  a  mod- 
erate speed  of  train,  and  absolutely  inexcusable  where  faster  speed  is  used.  The 
time  has  now  arrived  when  the  public  will  no  bmger  tolerate  such  stu])idity.  They 
will  not  any  longer  call  it  conservatism  or  ba<l  judgment,  but  criminal  carelessness. 

"With  iron  ties  of  any  known  form  tho  rails  are  securely  held  in  line  and  (irmly 
clamped  to  the  ties,  and  no  influence,  whether  tliat  of  sjieed  of  train  or  iuiy  other, 
can  separate  rail  from  tie.  As  far  as  these  considerations  go,  no  accident  can  occur 
to  the  train  from  spreading  rails.  The  roadbed  is  al>so]uteIy  safe  under  all  condi- 
tions of  train  service.    These  facts  being  so,  it  is  a  great  wonder  that  the  traveling 
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])iil>lif  (li)  not  rise       ami  diMnaml  of  coi  iiinal  ioiis  iliat   llicv  abamliMi  tlirii-  |n-tiii\ 
wiscaml  |ioiiiii|  looli^li   |ilaiiaii«l  adopt   I  lie   i»i>lic\  diitaliil    li\  roininnii   srnsi-  and 
fXltrriciifc.     riic  tiDiililr  docs  ii.pI    licuilh  ilir   la  i  1  w  ay  m  1 1  )r  li  ii  1 1  ■  n  dii  1 1  s,  1 1  n  I  witli 
tlif  railway  din-clois.  w  lio  hold  t  lir  iiioih'\  liai;^  and  think  nioii'  n  I"  s|  if<- ii  la  I  i  ii;,^  in 
t  ho  1 1  nr  t  na  t  ions  o  I'  si  orks  than  in  a  It'oid  i  n    sa  I'c  cond  nc  i  lor  man  and  licasL. 

Tlic  wi  itrf  of  this  Id  Icf,  wlio.  il  iiniy  1h'  noted,  lind  ;i  Irw  of  liis 
|>;i(('1iUnI  tics  in  use,  was  ('('it ;i i n ly  ,u»)in,u'  alicad  iniicli  too  last  in  mak- 
ing" snch  a  swccpini;-  (Icinand  lof  tlic  introdnctioii  ol"  metal  ties,  ami 
t  lu'ir  int  rodm-t  ion  is  (-(Mtaiidy  nol  likeh"  to  he  pioinotecl  \-eiy  rapidly 
by  a  demand  f*i-om  the  tia\('lin<x  pnhlie,  w  liieli  wonld  he  (d'Iset  hy  a 
vi^oi'oiis  i)i()lest  tVom  st ockliohU'rs.  Siieli  im|H()V(Mnents  aic  not  intro- 
dm-ed  smhhMily.  hnt  l)y  a  ^radnal  <;-i'()wth  and  devolo])iuent,  and  in 
many  eases  I  here  aic  otlicr  impfovvincnts  wliicli  mii^lit  well  he  niade 
before  the  cost  of  metal  ties  is  inetirred.  J  fully  rccogni/e  the  advan- 
tages to  he  deri\  ed  from  the  use  of  a  well-designed  metal  tra(dv,  and 
ex]>e('t  to  see  such  tra(d;  become^  more  and  more  general,  es])e('ially  on 
main  lines  with  exeeptionally  heavy  traflie,  in  which  ease  the  economy 
in  maint(MKince  and  renewals  and  in  the  stability  of  track  outweigh 
the  extra  tirst  cost.  A  very  signiticant  case  of  this  kind  is  on  the 
4  track  line  between  the  Grand  Central  Station  in  New  York  and  Mott 
Haven,  where  the  New  Y^ork  Central  and  Hudson  liiver  Eailway  will 
lay  l(H)-pound  rails  and  stael  tios^  as  already  noted.  There  are,  liovr- 
ever.  some  im])ortant  points,  both  technical  and  financial,  which  are 
overlooked  in  the  above  letter.  While  there  are  many  cases  on  the 
busy  lines  of  the  rich  companies  where  nietal  ties  might  well  be  intro- 
dm-ed,  there  are  many  railways  which  c(mld  not  afford  the  great 
increase  in  first  cost,  even  for  busy  sections  of  line.  I>ut  it  does  not 
therefore  follow  that  the  tracks  of  the  latter  railways  will  necessarily 
be  unlit  for  high  speed.  With  such  improvements  as  preservative 
]>rocesses  for  wooden  ties,  steel  tie-plates,  improved  fastenings,  and 
other  a])i)liances,  and  a  general  better  maintenance  of  track,  a  track 
can  be  made  whi(di  will  l)e  perfectlj^  safe  under  high  speeds  and  heavy 
trallic.  and  which  will  be  really  more  economical  than  the  metal  track, 
])artieularly  if  we  com[)are  the  two  for  a  j^eriod  of  ten  years  only,  and 
reinend)er  at  the  same  time  that  the  cost  of  metal  ties  and  reconstruc- 
tion of  track  wonld  be  almost  prohibitory  in  nniny  cases.  The  writer 
of  the  letter  referred  to  "iroiT'  ties,  but  it  maybe  taken  fi)r  granted 
that  he  referred  to  steel,  as  far  as  this  country  is  concerned. 

Cranting  that  spikes  are  inetticient  fasteiiings  under  heavy  and  high- 
s])eed  tralfic,  their  nse  is  not  "necessitated"  and  it  will  be  cheaper, 
and  in  general  more  economical,  to  use  improved  fastenings  and  ado])t 
a  higher  standard  of  track  maintenance  than  to  reconstruct  the  track 
with  metal  ties.  When  such  improvements  as  noted  above  have  been 
made  to  track  with  wooden  ties,  special  care  shonld  be  taken  to  main- 
tain the  track  in  standard  condition.  Kailway  companies  are  certainly 
prone  to  be  rather  too  conservative  in  their  tra(dc  Avork,  but  they  are 
not  philanthropic  corx)oratioDS  and  naturally  wisii  to  get  along  with- 
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out  very  extensive  expenditures,  and  it  mnstbe  admitted  that,  as  a  rule, 
the  real  economy  of  large  expenditures  on  improvements  are  not  suffi 
ciently  recognized. 

On  the  other  hand,  of  the  numerous  forms  of  metal  ties  which  have 
been  tried  in  service,  a  comparatively  small  number  has  proved  success- 
ful, and  these  are  continually  being  improved  upon.  It  is  quite  an 
unsustainable  statement  that  with  iron  ties  of  any  known  form,  the 
rails  are  securei}' lield  in  line  and  tirndy  clamped  to  the  ties."  The 
Pennsylvania  Railway  has  had  unsatisfactory  results  from  its  ties  from 
their  being  inefficient,  as  pointed  out  in  i)receding'  paragraphs,  and 
similar  results  have  been  obtained  with  many  other  forms  of  ties  A 
poor  and  inetticient  metal  trai'k  is  more  expensive,  both  in  hrst  cost  and 
maintenance,  than  a  good  track  on  wooden  ties,  and  may  be  less  safe 
under tratlic.  With  regard  to  tlie  fastenings  of  rails  to  metal  ties,  an 
endless  variety  of  arrangements  of  bolts,  chimps,  rivets,  and  keys  has 
been  devised  and  tried,  V)ut  only  a  few  of  tiiem  have  proved  satisfactory 
in  sci  vicc.  .Many  of  them  are  very  complicated  and  therefore  objection- 
able at  once;  others  allow  the  rails  to  get  loose  and  rattle,  and  in  some 
cases  spreading  has  occurred.  On  the  other  hand,  there  are  sometimes 
indiscriminatin*]^  statements  made  that  metal  track  commonly  has  proved 
a  failure,  which,  as  above  noted,  is  very  far  from  being  the  truth. 

What  is  wanted  in  metal  track  is  a  strong  steel  tie  of  ample  weight 
and  thickness,  easy  to  manufacture  and  tamj),  and  of  reasonable  cost. 
With  this  must  be  fastenings  that  are  simple  and  ellicient,  consisting 
of  as  few  parts  as  possible.  Such  a  track  well  laid  and  ballasted,  and 
well  looked  after,  will  require  little  work  for  maintenance  and  few 
reiunvals,(ilfe('ting  economy,  therefore,  in  its  durability  and  in  the  reduc- 
tion of  track  \y<n  k.  which  it  is  so  dH'licult  to  get  pi-operly  done  on  lines 
with  heavy  trallic.  This  is  the  kind  of  track  which  we  nniy  reasonably 
hoi)e  to  see  introduced  more  and  more  rapidly.  l>ut  what  is  wanted 
even  more  than  this,  particularly  on  lines  with  fast  traffic,  is  a  thorough 
inqirovement  of  existing  track,  with  careful  maintenance.  To  improve 
existing  tracks  in  this  way,  and  then  steadily  proceed  with  the  intro- 
duction of  metal  track,  as  financial  and  traffic  conditions  warrant,  will 
be  the  best  and  most  satisfactory  practice  and  will  be  equally  to  the 
benefit  of  the  l  ailway  companies,  the  stockholders,  and  the  traveling 
public  in  point  of  safety,  economy,  and  convenience.  As  to  the  travel- 
ing- public  getting  up  and  demanding  metal  ties,  that  would  be  a  very 
foolish  thing  for  the  public  to  do,  and,  even  assuming  that  its  demand 
was  heeded,  harm  rather  than  good  would  be  the  result  to  all  con- 
cerned. Railways  are  improved  by  steady  development  and  not  by 
sudden  ill-considered  resolutions. 

J^etween  these  extremes  we  have  the  varying  results  of  practical 
experience  to  consider.  Thus,  while  some  roads  report  great  satisfac- 
tion with  their  metal  track  others  report  dissatisfaction,  audit  is  of  the 
utmost  importance  to  ascertaiji  all  the  contributive  causes  for  the 
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lesnlts  ()l)t;iiii<'(l.  I-'oi  instance,  t  lie  ;il);in(i()nin('nt  of  t lie  fn rtlicr  <'\t(Mi 
sioi.  ot  metal  tracU  on  I  lie  Net  licilr.nds  St  ate  Railways  may  seem  at  lii'st- 
an  example  ot  t  he  lailnre  ol  such  t  rael%  nnt  il  it  is  learned  that  t  he.  com- 
j»any  o|)eratiii,u  the  rail\\a\'  is  only  a  h'ssee,  and  is  theiclore  not,  inter- 
ested in  t  he  earryiiiu  <»nt  of  improx  cinents,  the  iK'iietits  of  \\hi(di,  not 
hein<4"  reali/.eil  for  se\eral  years.  ina_\-  aeerne  to  the  owner  Mhe  State) 
instead  of  to  the  lessee  (tlie  company). 

Taken  alto,u-et her  the  detailcMl  statements  in  the  first  part  of  this 
rep<»i  t,  and  t  he  reeordsof  mileaLi'e  of  metal  tra(dv.  afford  eonelnsive  and 
ineontro\(Mt  il»le  e\ ideiiee  that  metal  track  is  far  I)ey(Hid  an  e\])eri 
mental  stauc  and  is  snece■^sfnl  hoth  in  re^ai'd  to  its  eflicieiicy  and 
ecoiioniN.  This  is  true  not  only  of  count  lies  with  moderate  climate, 
dnral)h'  wood  for  ties,  and  \cry  lieavy  traflic.  but  also  of  pioneer  li^^iit 
raihva\  s  in  countries  w  here  the  (diinate  is  not  favorable  to  the  produc- 
tion of  (lurabje  tind)er,  and  where  insects  and  atuios])heric  iiitiueuces 
are  destrnet i\ (' to  wrodcn  ties.  In  this  country,  and  still  nioie  so  in 
Canada,  railway ollieers  aie  still  very  j^'enerally  indifterent  to  the  metal- 
track  question,  mainly  throiiiih  an  objection  to  the  necessary  exjiendi- 
tures  and  to  a  tailnre  to  recouiiize  the  advanta<^es  or  to  realize  the 
extent  of  cx])onenee  in  other  countries. 

The  subject  will  be  taken  uj)  by  the  International  IJailway  Con.^'ross 
at  its  meetin<j  in  London  in  IS!).").  The  conidusions  presented  at  the 
ineetinus  of  ISS,"),  1S87,  and  18S9  were  .i^iven  in  the  former  re])()rt,  and 
the  subject  was  a*iain  taken  up  and  actively  discussed  at  the  meeting' 
in  St.  Petersburji'.  LS!)l>,  with  the  result  that  the  followin<:;-  brief  con(du- 
sion  was  arri\-ed  at : 

I'lotn  tin?  infoniiution  ]irosent(!(l  it  appears  that  metal  ties,  when  placed  niitlor  con- 
ditions siiit;i1)le  to  the  service  (i.  c  ,  suitable  to  the  traffic,  ballast,  etc.).  can  produce 
an  economy  ni  the  expensi^  of  maintenance.  It  is  tliercjfore  of  interest  to  continiK' 
to  jiather  the  information  jjiven  by  the  use  of  metal  ties. 

In  tlie  discussion  scNcral  members  consi(b'red  that  the  speed  of  trains 
was  a  most  important  factor  in  r(\i;'ard  to  the  efiiciency  of  nu'tal  ties, 
and  b(dieved  they  were  not  suitable  Ibr  high-speed  traftic.  Others,how- 
ever.  melnding  Mr.  liricka,  of  the  State  railways  of  France,  considered 
that  suitable  ties  can  be,  and  are,  perfectly  satisfactory  with  good 
traffic.  I  am  certainly  inclined  to  take  the  latter  view,  but  it  is  of 
course  necessary  to  have  a  strong  tie,  w  ith  secure  attachments  for  the 
rail,  as  inenicient  fastenings  will  somi  loosen  or  give  way  under  the 
se\  ('re  \  ibration  set  u])  b\-  trains  ]>assing  at  high  speed.  Tluue  seemS' 
to  be  little  doubt  that  the  })est  general  type  of  tie  is  one  of  trough 
or  channel  form,  with  kcNcd  or  bolted  clani|)  fastenings. 

When  introducing  metal  ties,  one  of  the  most  imi)ortant  points  is  the 
selection  ol  a  good  t^'jx' and  ])attein;  for  although  no  harm  can  result 
from  making  e\'])(Timents  with  difl'erent  tyjx's,  it  is  not  adv  isable  for 
any  railway  c()nij)any  to  commit  it  self  too  far  until  it  is  reasonably  cei'- 
tain  that  the  tie  eliosen  is  snitable  in  e\-ery  wa\'  for  the  duty  it  has  to 
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perform.  Some  of  the  worst  defects  in  metal  ties  have  not  been  dis- 
covered until  after  they  have  been  in  use  for  a  year  oi'  more,  under 
heavy  traffic,  and  as  very  few  of  the  large  number  of  patents  have  ema- 
nated from  practical  track  engineers,  a  little  caution  at  first  may  save  a 
great  deal  of  money  and  time  in  the  end.  The  ])enham-01pherts  cast- 
iron  tie,  which  is  so  largely  used  in  India,  is  the  result  of  the  combined 
designs  and  patents  of  two  engineers,  who  had  exceptional  facilities 
for  studying  the  requirements  of  track;  and  yet  the  latest  form  of  this 
tie  is  very  different  from  the  original  pattern,  ])rovii)g  plainly  that  the 
experience  gained  by  actual  practice  is  more  to  be  depended  ui)on  than 
theory  alone.  The  Post  steel  tie,  which  has  given  such  good  results  in 
European  and  other  countries,  is  also  the  invention  of  a  very  experi- 
enced and  able  engineer  of  permanent  way;  but  the  latest  type  of  this 
tie  is  the  outcome  of  many  years'  exi)erience  and  patient  observation, 
during  which  time  the  defects  which  existed  in  the  earlier  patterns 
have  been  eliminated.  Some  other  remarks  in  this  connection  will  be 
found  on  page  125. 

To  try  metal  ties  in  side  tracks  only  is  of  little  value;  for  no  matter 
how  heavy  the  tratlic  may  be,  the  conditions  as  to  speed,  smoothness 
of  track,  etc.,  are  not  the  same  as  on  the  main  track,  and  therefore  the 
testis  inconclusive.  A  metal  tie  that  will  fail  when  laid  where  the 
speed  seldom  exceeds  10  miles  per  hour  must  be  very  faulty,  and  an 
experienced  and  uni)reju(li('ed  tra<*k  man  would  ])robably  dete(;t  its 
defects  without  trying  it  in  the  track. 

In  regard  to  the  possihilit.y  of  steel-tie  manufacture  l)ecoming  an 
imi)ortant  industry  in  this  country  see  the  statement  in  following 
l)aragraphs  on    ^lanufacture"  and  "Price." 

In  regard  to  tlie  <'\perimental  iiitioduction  of  steel  ties  in  England 
and  (jtlier  conntries  where  the  railways  ha\  e  heavy  traffic,  the  Indian 
ICngineer  suggests  that  thei-e  arc  thousands  of  miles  of  sidings  and 
branch  lines  where  the  traffic  is  heavy,  although  the  speed  never  exceeds 
20  miles  per  hour,  and  on  such  lines  there  would  not  be  any  danger  in 
making  exi>eriments  with  difterent  patterns  of  metal  ties.  If  this  were 
done,  the  workmen,  as  well  as  the  supervising  stall",  Avould  gradually 
become  accustomed  to  this  class  of  material,  and  at  the  same  time  obtain 
experience  and  observations  which  would  be  invaluable  when  it  became 
necessary  to  extend  the  system  to  the  main  tracks.  At  the  same  time 
it  must  be  pointed  out  that  trial  sections  of  less  than  half  a  mile  in 
length  are  of  no  i)raetical  value,  and  that,  unless  all  the  conditions  are 
carefully  watched  and  the  results  recorded  by  unprejudiced  men,  the 
statistics  obtained  will  not  be  worth  the  ])aper  they  are  written  on. 

The  paper  also  stated  that  almost  any  type  of  metal  tie  would  outlast 
three  of  the  best  wooden  ties  when  placed  in  a  siding  or  in  any  i)lace 
where  the  speed  is  low  and  correct  gauge  almost  the  only  requisite; 
and  also  that  the  ex])erience  obtained  with  metal  ties  in  India  and  else- 
where proves  conclusively  that,  when  properly  designed  and  laid  they 
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aro  to  St  ;m(l  l  lie  Ikmn  icsl  tinllic  mid  liiulicst  speed  lli;it  is  possible 

witli  111*'  lix'oiiiot  i\-es  now  ill  ii--e.  \\\  iisiiiL;-  melnl  lies  in  sidings  nlniie 
a  laru<»  rediict  ion  in  tlie  nniinUMianee  ciini  u-es  oT  l-lnulisli  i  nilw  ;iys  w  (Hild 
be  ])OSsil)le  ;  :iiid  it"  t  lie  prices  ot"  wooden  t  ies  wore  not  low  eicd  li\  st  rielly 
followiii^  tliis  eonrse,  il  would.  ;>t  ;iny  r;ite.  prevent  ;i  rise  in  j)ri('e.  as 
it  lias  ;ilre:id\  done  in  I  iidin. 

.Mr.  r..  I'tM  iiow,  in  Ibiilctin  No.  I  of  I  lie  l'\»restry  I)i\  isioii,  [1.  S. 
I)('j);n  tm(Mit  of  An-iieulturc,  1SS7.  made  tlic  folIo\vin*i-  I'einarks: 

I'roin  tin-  cxpfrirntc  so  r;ir  :icciiiiiiil;it»'il  it  is  cl.i  iiiwd  lliat  llif  itMpi  ii-iincin  s  of  ;i 
f^nod  tit'  f:iu  l>c  In  1  li  1  Inl  l>y  Hi  c  steel  t  ies  now  iii;i(le.  iiaine!.\  :  (  1  )  A  |  >  |  tiopri  ,i  I  e  foiin. 
(2)  A  si>etion  with  Millieieut  niomeiit  ol"  resist  :iiiee.  {'A)  A  lii;iteri;il  not  e;i>il\  IVmc- 
tnroil.  (l)  SnlVicient  be.ninu  ;iie:i  and  leimtii  to  I'esist  lateral.  Ion  i;  i  t  iid  i  na  1 ,  a  iid 
voirti«  :»l  strains. 

To  whieli  may  he  added  tlic  followinii : 

(1)  I'he  av«Ma<xo  life  of  ujood  stoel  ties  is  considoral)! y  l<»n.n(M-  tlian  (hat  ot  best 
wooden  ties  M>stiniat(*d  at  'M)  to  r)0  years).     [Sec     Kt'lieieney  and  I  )nrability." — K.  E. 

K.  T.  1 

{'2)  The  width  of  .^aiiLXe  is  IxMter  tnaiiitained  witli  ste,(d  ties. 

(3)  Cost  <d"  maintenance  <d'  i)ermanent  road  with  stool  tics  I'omains  almost  con- 
stant after  the  second  year,  w  hile  with  wooden  ties  it  increases  constantly  with  age, 
niakin<j:  the  average  cost  j^roator  than  with  the  former. 

(  l>  Kail  fastenings  are  possible  with  steel  ties  which  are.  at  once  safer  and  more 
easily  maintained  than  those  for  wooden  ties. 

(;')  A  good  stoel  ti<'  shonld  not  cost  more  than  IVom  12;")  to  ];")()  ])er  cent  of  the  cost 
of  wooden  ties. 

(t!)  The  "old  material valne  of  a  steel  tie  is  greater  than  that  of  a  wood(>n  sleeper. 

'•  If,  for  comparison  of  the  ndative  cost  i)er  mile  of  steel  and  wood,  aceonnt  is 
taken  of  the  mannfactnre,  transport,  laying,  maintenance,  interest,  and  value  of 
scrap,  it  is  seen  that  there  are  few  conntries  in  the  world  where  the  exclnsive  use  of 
wooil  ties  is  really  economical.  For  conntries  where  climate  and  insects  destroy 
wood  sleepers  in  a  few  years  this  is  evident;  bnt  it  speaks  still  better  for  steel  sleej)- 
ers  that  in  Holland,  which  j)rodnces  no  steel  and  gets  w^ood  sleepers  very  cheaply  by 
sia.  all  the  rail  way  companies  have  introduced  metal  sleepers  without  any  pressure 
from  the  ( ;<»\-erinnent," 

TYPES  OF  THACK. 

(1)  Gr<)ss-flrs. — liy  far  tlic  larg'est  proportion  of  tlic  inilca.uc  of  nnHal 
track  is  laid  witl)  cross  tics,  and  tliis  lias  proved  to  be  the  most  satis- 
factory tyj)c  under  conditions  of  climate  and  service  similar  to  those 
which  obtain  in  this  country,  while  it  has  the  advantages  of  sim])licity 
in  construction  and  ease  of  renew  al.  As  the  whoh^  of  Part  ir,  with  the 
exception  of  the  following;-  par;i,<iraphs  on  LonuitndiiiMls  "  and  liowls 
and  Plates,"  refers  to  this  type  of  construction,  it  is  not  necessary  to 
discuss  it  specially  at  this  point. 

(2)  LoufiifiulintiJx. — This  system  Inis  pioxod  to  be  in  ;;('ncial  imdli- 
cient  and  troublesome,  thon.uh  its  use  is  still  reoaided  \vith  favor  on  the 
Northwestern  liuilway  (Austria),  but  most  of  the  (lermaii  railways 
which  have  tried  this  ty|)e  oftracdc  have  abandoned  it  after  suHicicntly 
long  experience  to  thoroughly  eoin|)are  il  with  the  cross  tie  system. 
One  of  flu;  principal  delects  was  the  wear  between  the  rail  ami  longi- 
tudinal, not  only  at  the  Joints,  but  all  along  the  continuous  bearing. 
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This  was  due  to  tlie  insuflicieiit  stiuMi^tli  and  resistance  of  tho  track, 
leading  to  au  excessive  defection  or  wave  motion  under  trains,  and 
this  wear  was  aggravated  by  the  use  of  light  rails,  the  wave  motion  of 
which  was  not  the  same  as  that  of  the  longitudinal,  although  one  of 
the  claims  made  for  this  system  has  been  that  lighter  rails  couhl  be 
successfully  used  witli  the  continuous  bearings  of  longitudinals  than 
with  the  intermittent  bearings  of  cross  ties.  Another  weakness  was 
that  the  joints  could  not  be  spliced  in  such  a  way  as  to  make  them  as 
stiff  as  the  rail  between  joints,  while  witli  cross  ties  the  ties  may  be 
placed  closer  together  at  the  joints.  Several  ])atents  on  such  tracks 
have  been  taken  out  in  this  conntry,  as  sh(>wn  in  the  snramary  of 
Api)en(lix  li. 

As  pointed  ont  hy  Mr.  C;)nt;igrel,  a  FiuMicli  cnginccM'  (whose  paper 
on  mct;il  traciv  was  transhitiMl  by  me  in  18S7),  a  track  carried  on  lon- 
gitndiimls  slionld,  tlicoretically,  be  preferable  in  many  ways  to  track 
carried  on  cross-ties,  for  the  following  reasons,  among  others: 

TIic  mil  li.i\  iiiL;  a  coii t  i ii iioiis  supiMUi .  all  shocks  are  cliniiiiatcd,  and  there  shonhl 
couseijiiently  he  au  eionoiiiy  in  the  cost  ot"  niaintenanci-  <»l"  track  and  a,  diminution 
in  the  wear  of  the  r{)llin<ij  stock.  The  adoption  of  lonuii  mliuals  ought  also  to  <;ive 
an  economy  in  lirst  <'i>st  from  tlie  f'a<  t  tliat  the  h  unth  of  lonuihidinats  for  1  >ard  of 
track  is  ahout  '2  yards,  while  with  cross- ties  it  is  d  i  riicii  i  t  t  o  red  ii  cc  (he  length  hch)\v 
yards.  To  this  important  ([Uestion  «f  economy  should  he;  added  that  the  wci^lit 
]icr  yard  of  a  rail  havinj^  a  continuous  supjjort  may  Ix?  sal'ely  dinnnishcd;  linally  the 
moment  of  inertia  of  the  rail  and  l(m<;i  t  ud inal  Jointly  is  great<u- than  tliat  of  the 
Tail,  oven  when  str<'U<;thened  with  rcgar<l  to  its  vertical  or  liorizoutal  axis.  All 
these  advantages  are  more  apparent  than  r.-al;  experience  has  enabled  them  to 
bejudged  uj)on  au<l  has  I)r()ught  out  numerous  drawliacks  which  liad  not  been  fore- 
seen. The  cstinuited  economy  in  lirst  cost  is  fouu<l  to  bo  considerably  reduced  by 
the  necessity  of  em])loying  gauge  rods  strong  enough  to  tie  tlu^  tracdc  firmly  together 
and  to  give  the  rail  the  (b'sired  cant.  In  s])iteof  the  strnigtii  of  the  transverse  bais 
employed,  it  is  very  dillicult  to  insure  i>erlect  accuracy  in  the  t  ra(  k  by  these  means. 
In  the  I lilf  system  it  was  att<'m])te<l  to  o!t\  iat(^  this  drawback  l)y  introducing  cross- 
ties  of  the  same  section  as  the  longitudinal  un(hu'tho  j(»ints  of  the  rails  and  longitu- 
dinals, but  then  the  .joints  were  found  to  be  too  ligid  with  regard  to  the  general 
elasticit.v  of  the  track,  which  sagged  between  the  joints,  occasioning  at  the  middle 
of  the  span  deflections  of  0.86  inch  to  0.18  inch  during  the  passage  of  trains.  To  re- 
duce therigidity  of  the  .joints,  these  cross-ties  were  replaced  by  otlicrs  of  T  or  L  iron. 
The  distortions  of  level  were  thensb.y  redu(M!d,  but  the  economical  advantage  ol 
longitu<linals  disappeared.  The  rail  is  not  really  sujijiortcd  for  its  eutiic  length, 
ov\ing  to  the  un(?ven  ballasting  under  the  longitudinal.  This  condition  nof,  being 
absolutely  fulfilled,  it  would  soon  b(i  necessary  to  return  to  the  use  of  heavy  rails. 

The  wear  of  rolling  stock  is  certainly  less  with  nn;tal  longitudinals  than  w  ith 
wooden  cross-ties,  but  the  economy  dna  to  this  is  j)rovcd  to  be  reduced  by  the  elfect 
of  the  uiu'ven  motion  occasioned  on  tracks  with  longitudinals  by  the  slight  rigidity 
of  the  cross-tie  connections.  Nevertheless,  regular  obs(!rvations  made  in  Germany 
showed  that  the  tires  of  engines  running  only  over  longitudinal  systems  of  track 
were  worn  only  one-third  as  nuudi  as  those  of  engines  running  only  on  tracks  with 
cross-ties. 

Track  on  longitudinals,  while  easy  to  lay  on  tangents,  requires  considerable  care 
and  attention  for  laying  on  curves.  It  is  necessary  then  to  Ix'ud  the  longitudinal  to 
the  required  radius  (an  operatif)n  that  can  only  bo  done  while  the  metal  is  hot,  and 
that  requires  special  ])lant)  or  to  have  s]»ccial  a])paratu8  for  drilling  the  h(dcs  for 
the  rail  attachments  for  each  radius  of  curve  adopted.    Herein  is  a  serious  draw- 
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li;ii-k.  I! if  In  T  .1  spci  ia  I.  cost  ly.  aifTl  t  iimliroiis  plant  iiiiisi  Ik-  ma  in  I  a  i  ind,  nr  i  i  nia\  Im- 
iifi-.->>sar\  to  lia\f  in  rarh  stnia^r  (li'|)ot  a  I;iilJc  nuinitci  oT  I  nn 'j,  1 1  u  1 1 1  na  Is  Inii-acli 
I  111  ins  III'  t  nr  \  f  .x  isi  in^  on  tin-  line     Tin-  if^niar  nia  i  n  I  .na  n.     i.T  I  he  1 1  ark   i-,  diiti 

lit  ;  it  rr(|niics  an  ex  fii  liallaNtiiii;  w  hitli  inn^i  I  ir  ronst  a  n  I  I  \  a  t  I  im  It'i  I  t « >.  [\>v  it  ddo, 
not  Ivci'i"  in  in<l(  i-.  r.oidcs.  when  it  lifconii  s  iu-cfs>ar\  Id  icplai  i-  a  liidkrn  or  dani- 
ai:ril  rail  or  lon^i  i  ndi  na  I  x-rious  d  i  i'licn  1 1  ii>  ai«>  <'\ pcriciH'rd  owuil;  to  the  iicrcssi  |  y 
ol  iiiMkinu  t  In-  i!iaii-c  hit  w  ten  t  hr  ]ia>sai;c  of  t  rai  ns,  which  i-^  t-s|)c(ia  I  ly  di  Ihc  nit  if 
tlio  joiiils  of  t  In-  rai  Is  and  lon-^it  ndinals  do  init  rorropond.  'I'hc  hni^ilndinal  sys- 
ti-ni,  owiiiii  wi'ikncss  ol"  the  trans\cr>t-  con  inc  i  i  on>.  ha>  a  1(-ndcncy  to  caii-c 

diMMilun-iit  :  the  tiaik  spreads,  ihc  lail  shifts,  and  when  a  thaw  ha  pp(-ii>,  a  ml  the 
I  raek  is  le.isi  stal)le.  i  he  derailnHiil  occnrs.  These  ace i dents  a ru  always  mot  (;sei  i on s 
than  witli  cross-lies.  in  fact,  however  stroiii;  the  t  i(-- rods  or  tiobars  ina_\  l)e,  they 
have  not  sii |]ici(-n t  sticn^lh  to  hearihe  load  on  .in  a\h-.  'I'hey  Ix-iid,  tln-relore.  ami, 
dra  wiiiLT  tl"'  t  w<'  lines  of  i;i  i  Is  t  oi;t-l  her.  Ind  p  to  inc  n-.ise  the  distort  ion  ol'  the  t  ra(  k  . 

l',\periem-e  h,■l-^  a  ho  shown  the  ahsolntc-  necessity  I'oi-  the.  i^ood  condition  of 
•laciv  on  the  lonuitiidinal  ^\steiii.  (d'.i  pi-rfect  drainai;"!'  of  the  roadhcd;  water  must 

•  t  l)(-allowt-d  to  lie  in  the  l»,i  1  l.ist .  as  it  has  a  tendency,  csix'cially  on  grades,  to 
iollow  the  lines  of  the  longitudinals,  and  tints  to  help  to  destroy  that  regularity  of 
1  he  i>allast in'4  w  idt  h  is  so  nect-ssarw  I n  Gormaiiy  speeia  1  arrangements  have  been 
made  for  draininu  trac  ks  on  this  s\>tem.  On  the  Alsae(;-Lorraiue  railways,  which 
eiiiplo\c  cl  the  llaitwic  h  irac  k.  eac  h  lint-  ol"  rails  is  phiced  on  a  lougitndinal  rublile 
drain.  I'.very  IG.l  leet  these  drains  arc  connected  by  a  cross  drain  rnnuing  iutoa  hit- 
cral  (liti  h.  as  shown  in  Fig.  (>,  Ai>pendix  1.  Such  drainage  works  largely  increase 
the  first  cost  of  tracks  laid  on  longitudinal  ties. 

Oil  the  l)a(leii  State  railways  (Clermauy)  the  loiijj^itudiiials  are  being" 
1  ('placed  wiili  cross-ties,  the  former  having  been  found  unsatisfactory  iu 
the  niainteiianee  of  exact  gauge  and  in  the  drainage  of  the  track.  The 
use  of  longitudinals  lias  also  been  abandoned  on  the  Elberfeld  division 
ot  the  Prussian  State  railways  and  on  the  Belgian  State  railways. 
The  .Metropolitan  Railway  of  Berlin  (Stadtbahn),  on  the  lierlin  divi- 
sion of  the  Prussian  State  railways,  a(U)pte(l  metal  longitudinals,  with 
the  ex[)e('tati()n  of  reducing  the  noise  of  trains  passing  on  the  masonry 
viaduct  of  its  elevated  line,  but  after  six  years  of  com i)aratively  heavy 
trallic  tlu'y  were  abandoned  for  wooden  cross-ties  on  account  of  the 
insutlicicMit  support  across  the  track  for  bearing  surface  and  for  resist- 
ance to  hitcial  strains  on  the  track,  which  made  it  dihicult  tonuiintain 
gauge  and  alignment.  The  fact  that  this  type  has  been  seriously  pro- 
l)osed  as  an  improved  type  of  tirst-class  track  for  this  country  warrants 
a  somewhat  extended  presentation  and  discussion  of  the  subject. 

Ill  a  i)apcr  on  "The  advantages  of  a  longitudinal  bearing  system 
for  railway  tracks''  (Transactions  of  the  American  Society  of  Civil 
Ijigineers,  August,  181)1),  Mr..  Thomas  0.  Clarke  claimed  that  the 
cross-tie  system  was  becoming  insutticient  for  the  heavy  traffic  and 
wiieel  loads  of  American  railways,  and  that  some  change  was  necessary, 
lie  referred  to  the  ever-i)resent  dilhculty  of  the  rail  joints  and  to  the 
inefficiency  of  spike  fastenings,  while  steel  cross-ties  he  considered  to 
be  deficient  in  stillness  (as  no  doubt  some  of  them  are)  and  to  atlord 
no  improvement  at  the. joints,  so  that  the  ties  work  loose  in  the  ballast 
(practical  experience  iu  other  countries — on  the  State  railways  of 
I'rance,  for  instance — does  not  corroborate  this  statement),  and  for  these 
reasons,  he  said,  it  is  dillicult  to  keep  a  metal  cross-tie  system  in  good 
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line  and  lev^el.  He  considered  that  tlie  only  radical  care  of  the  diffi- 
culty was  to  return  to  the  old  continuous-bearing  system,  improved  to 
avoid  the  defects  found  in  the  old  system.  Mr.  Clarke  presented  his 
views  on  the  loni>itudinal  system  as  follows: 

The  only  wiiy,  in  the  antbor's  belief,  to  absolntel}'  prevent  low  joints  is  to  ])laco 
CDutiunous-beariiig-  ])ieccs  under  tbe  wbole  lengtb  of  tbe  rails  and  breakini;-  joint 
with  them.  The  solid  part  of  tbe  bearer  supports  tbe  joint  of  the  rail  and  the  solid 
part  of  the  rail  bridges  over  the  joint  of  the  bearer,  and,  what  is  of  the  bigliest  sig- 
nilicance,  a  small  amount  of  longitudinal  movement  or  play  between  tbe  upper  aud 
lower  members  will  not  cause  dellcction  when  arranged  as  described.  The  re(j[ui- 
sites  of  a  properly  designed  longitudinal  system  are  as  follows: 

1.  The  longitudinal  under  the  rail  must  be  stiff  enough  to  transmit  the  load  to 
such  a  distance,  t)n  each  side  of  the  wheel,  as  will  limit  the  pressure  to  not  nnicli 
over  2  tons  pers(iuare  foot  oi  bearing  surface,  without  reciuiring  excessive  width. 
Experience  has  shown  that  a  greater  pressure  than  2  tons  per  square  foot  will  sink 
ties  too  deep  into  the  gra\  el  or  broken  stone. 

2.  The  next  thing  is  to  attach  the  rails  aud  longitudinal  bearers  together  by  a 
form  of  fastening  strong  enough  to  resist  all  strains  and  shocks  and  yet  allow  of 
freedom  of  the  rail  to  expand  and  contract,  indep<unleutly  of  its  bearer.  It  must  also 
be  held  to  its  bearer,  so  that  creeping  ol  tln  iail  on  tbe  bearer  may  be  prevented, 
and  tliat  without  any  notching  or  cutting  of  the;  rail  that  will  impair  its  strength. 
The  rails  must  break  joint  with  the  bearers.  Tbe  fastenings  nnist  be  so  made  that 
the  rails  can  be  (|uickly  removed  aud  replaced  by  new  ones  without  disturbing  the 
bearers.  The  fastenings  must  be  able  to  Indd  for  a  time  a  broken  rail,  so  that  it  will 
safely  ]>ass  the  trains,  and  no  system  but  the  b)ngitudiual  can  do  this. 

;i.  file  bearers  (and  rails)  should  be  united  lirmlx  together  by  light  metallic  gauge 
ties,  placetl  luMr  enougli  to  propt;rly  preserve  the  accuracy  of  the  gauge. 

4.  The  bearers  ami  gauge;  ties  should  be  of  such  shapes  as  can  be  easily  tani[>e<l 
with  gra\'cl  or  l)rokeu  stone ;  as  will  stay  in  place  vertically,  laterally,  and  longitudi- 
nally, and  will  allow  of  drainagt;  to  pass  between  them. 

").  I  lie  system  should  be  so  planned  that  no  (iil'liciilty  of  construction  (;an  occur 
at  curves,  either  in  alinement  or  elevation  of  outer  rail.  Also,  it  should  be  so  made 
as  to  easily  join  to  the  ordinary  form  of  T-rail  at  turnouts  and  switches. 

6.  iJesides  tbe  obvious  advantages  which  such  a  construction  gives,  there  are  two 
others:  The  upper  rail  can  be  mad'- of  a  hai-h  i  and  l)etter- worked  steel,  while  the 
bearer  can  be  nuide.  of  a  softer  and  tougher  i|iiality  of  metal.  I'robably  basic  steel 
would  do  for  this. 

( )wing  to  the  rails  being  supported  under  their  entire  length  ))y  continuous  bearers, 
tliey  can  be  made  of  less  depth  and  .sectional  area  in  their  lower  llauges  than  at  pres- 
ent. The  metal  so  saved  can  be  put  into  the  head  of  the  rail,  where  it  is  most 
needed.  (As  a  matter  of  fact,  lighter  rails  cause  greater  wear  of  tbe  longitudinals, 
as  on  th(;  He.sse  Louis  Railway,  (Germany. — k.  e.  ii.  t.)  It  is  believed  that  rails  can 
be  designed  for  a  longitudinal  system  with  heads  3  inches  wide,  and  they  need  not 
weigh  over  70  pounds  to  the  yard.  *  '  *  There  are  two  defects  in  the  Ilohenegger 
design  of  track.  Mr.  Hoheneggcr  says  that  the  l)allast,  which  consists  of  broken 
stone  aud  river  gravel,  is  compressed  by  tamping  and  the  pressure  of  passing  trains, 
to  such  an  extent  that  it  can  only  be  loosened  with  a  pick.  This  compression 
extends  a  foot  below  the  longitudinal  aud  prevents  the  quick  drainage  of  water 
from  between  the  rails.  This  could  have  been  prevented  by  a  better  section  of 
bearer,  possibly  of  a  T-shape.  The  ballast  could  then  be  tamped  against  the  verti- 
cal member  from  both  sides  and  there  being  nothing  to  confine  it  there,  the  pack- 
ing would  not  have  taken  place.  Another  mistake  was  to  make  the  joints  of  the 
rails  and  of  the  longitudinal  bearers  coincide,  instead  of  breaking-joints.  Mr. 
Hohenegger  says  nothing  about  the  existence  of  low  or  battered  joints,  but  they 
must  have  existed,  and  breaking  joints  with  the  bearers  would  have  prevented  them. 
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A>  f">  the  |)in|)(»s('(l  T  sccrioii  of  loll  i^i  I  lid  i  I  la  I,  rcrcrcncc  lo  fiiy  foriiicr 
1  cpdi  t  and  In  the  si  at  (Miicii  1  rc^iM'cI  iiiu  llic  N  oil  li  west  crii  Railway  ol" 
Austria  will  show  tiial  such  scrlioiis  haNC  hccii  hied  and  Iduiid  iiiisal- 
isfacton'.  In  l  he  discussion  oT  t  his  iKipcr  il  was  i)()inl('d  out  iliat  thtj 
track  |>ro|»os(Ml  by  Mr.  ('larkc  illu'  I  lohciu'^ucr  tracki  w  as  \  ei  y  inadc- 
(|natc  in  si  illness  and  hcai  iiii;  snrlacc,  the  latter  b('ln<i-  only  .H)  s(|uarc 
ti'ct  per  rail,  as  a-ainsl  IS  s(|uarc  Ic'ctw  ith  cross  t ics,  and  w  it  h  t  hat 
limited  heal  ing  sm  lace  there  would  probahly  he  serious  rolliii^  of  the 
(rain,  owiii^  to  the  dillicully  ol"  lnakill,^  the  ballast  e([ually  llrin  undei' 
each  rail.  Dilliculties  of  drainai;e,  raisin*;-  track  in  snrfacini;-,  sliini- 
iniii.n',  flc.,  wei'e  also  relcrred  to. 

In  a  paper  on  ••Longitudinals  r.  Cross-Ties  for  Kail  way  Track " 
(Transactions  of  the  American  iSociety  of  Civil  iCni^incers,  December, 
1S!)1).  1  discussed  the  (piestion  j»enerally,  both  in  re^'ard  to  wooden 
and  metal  ties  and  longitudinals,  and  pointed  out  also  that  timber 
longitudinals  are  largely  used  on  European  railway  brid<;es,  and  to  some 
extent  in  lar,L!,e  railway  ternunal  stations  in  this  country,  includin<j;  the 
Louis\  ille  and  Xashville  Ivailway  station  at  Louisville,  Ky.,  and  the 
rennsylvania  Railway  station  at  Hroad  street,  Philadelphia.  The  con- 
diti(ms  there,  liowever,  are  very  dillerent  from  those  on  the  ordinary 
o})en  track.  In  the  discussion  reference  was  made  to  possible  com- 
binations of  the  huioitudinal  and  cross-tie  systems,  and  the  possibility 
of  etVectin.u-  material  savin<i-  in  maintenance  and  renewals  by  adopting 
a  more  expensive  and  subshmtial  system  of  track  than  that  now^  gen- 
erally employed.    The  following  is  an  extract  from  my  paper: 

III  rcLjanl  to  nu-tal  longitiulinals,  the  most  extensive  experiments  with  these  has 
in  (iermany  and  Austria;  but  while  the  use  of  metal  eross-ties  is  being  extended 
considerably,  the  lon>^itudinals  are  only  used  to  a  limited  extent  on  new  work,  and 
in  some  places  they  are  being  abandoned.  The  transverse  connections  generally 
give  some  trouble,  especially  at  curves,  and  the  general  constructiou  of  the  roadbed 
and  the  work  of  track-laying  recpiire  more  care  and  labor,  while  the  cost  of  mainte- 
nance has  in  some  cases  l)een  found  to  be  higher  with  longitudinal  than  with  cross- 
ties,  'riicre  has  also  been  difliculty  in  maintaining  the  gauge.  A  German  authority 
stated  ill  an  article  in  a  technjeal  raaga/ine,  in  18S6,  that  with  longitudinals  of  metal 
it  is  und('siral)le  to  have  many  transverse  connections,  as  they  will  counteract  the 
advantages  of  the  longitudinals  and  introduce  some  of  the  disadvantages  of  the 
cross-ties.  lie  reconnnended  a  ('onnection  at  the  ends  of  the  longitudinals,  and  also 
at  the  middle  if  more  were  considered  necessary. 

The  continuous  bearing  is  theoretically  the  better,  giving  a  uniform  transmission 
of  the  wave  motion  under  rolling  loads,  Avith  a  conserpient  smoother  rolling  and  less 
wear.  The  separate  bearings  of  cross-ties  exert  a  disturbing  iiilluence  on  this  wave 
motion,  causing  uneven  wear,  but  it  is  possible  to  obtain  sufficiently  satisfactory 
results  in  practice  in  this  respect  from  the  cross-tie  system.  The  continuous  bearing 
gives  a  better  resistance  to  lateral  strains  on  the  rails,  but  with  cross-ties  this  can 
be  provided  for  by  the  use  of  tie  plates.  The  ciuantity  of  ballast  is  about  the  same, 
but  there  is  dithculty  in  draining  it  when  longitudinals  are  used.  Keuewals  are 
prol)ably  cheaper  with  cross-ties.  After  considering  the  various  points  he  came 
to  the  conclusion  that  the  cross-tie  system  will  continue  to  be  the  standard.  The 
same  conclusion  was  also  arrived  at  by  a  convention  of  the  German  Kailway  Union 
a  few  years  ago. 

Mr.  Clarke,  in  his  paper  (previously  fiuoted  from),  does  not  seem  to  have  done  his 
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subject  justice  in  merely  (|uotiug  the  statements  of  Mr.  Holiciiegger  conceruiiig  the 
latter's  system  of  track  on  the  Northwestern  Railway,  Austria,  of  which  he  is  chief 
engineer.  In  my  report  to  the  U.  S.  Department  of  Agriculture  upon  "The  sub- 
stitution of  metal  for  wood  for  railway  ties"  (1890),  there  are  many  other  state- 
ments concerning  metal  longitudinals  and  the  experience  therewith,  which  show 
ditferent  views  from  those  entertained  by  Mr.  Hobenegger.  A  longitudinal  system 
would  require  more  care  and  more  skilled  labor  in  laying  and  maintenance  than  it 
is  now  usual  to  lind  on  any  but  the  lirst-class  lines  in  this  country,  and  the  work 
would  be  esi)ecially  complicated  at  frogs  and  switches  and  on  sharp  curves.  A 
defect  of  this  system  of  track  is  the  very  much  smaller  area  ol'  bearing  surface  u\}ou 
the  ballast  as  compared  with  that  of  the  cross-tie  system,  and,  as  already  stated, 
it  is  not  considered  desirable  to  increase  the  number  of  transverse  connections. 
This',  added  to  the  increased  dirticulty  in  tampingiand  other  features,  woidd  tend  to 
add  largely  to  the  maintenance  expenses  by  continual  work  in  keejjing  the  track 
up  to  surface.  I'nder  heavy  trattic  it  would  probably  not  be  found  advisable  to 
make  any  great  reduction  in  the  weight  of  the  rail.  For  existing  roads  ad()])ting 
this  system  the  entire  reconstruction  of  the  track  wouhl  be  a  ditticult  and  co.stly 
work,  especially  upon  lines  with  heavy  trallie,  and  it  is  a  ([uestion  whether  the  effi- 
ciency and  economy  resulting  from  the  new  track  would  be  suiticient  to  warrant 
the  change.  It  is  only  upon  lines  with  heavy  traffic  that  the  introduction  of  the 
longitudinal  system  of  track  is  likely  to  be  considered,  even  if  its  advantages  are 
])roved;  but  tlui  trallie  ui)oii  the  lines  mentioned  by  Mr.  Clarke  is  comijaratively 
light. 

()n  the  whole,  it  appears  probable  that  the  cost  of  a  systcnj  of  track  with  longi- 
tudinals, lifted  for  heavy  trallie,  would  be  considerably  in  excess  of  the  cost  of  a 
track  with  cross  ties  of  equal  strength  and  etliciency.  It  is  true  that  some  engineers 
are  in  favor  of  the  l()ngitu<linal  systtMU,  theoretically  at  least,  and  it  is  possible  that 
it  may  constitute  the  track  of  the  railway  of  the  future;  but  its  introduction  does 
iiot  Hcem  probable,  and  the  most  important  work  now  to  be  done  is  to  provide  for 
the  improvement  of  the  ellicieney  of  the  present  system  of  track.  These  remarks 
apply  to  the  track  in  general,  but  there  may  be  8i)ecial  cases,  as  at  bridges,  etc., 
where  the  use  of  longitudinal  bearings  may  l»e  advantageous. 

(iranting  that  much  of  the  existing  track  is  defective,  the  author  does  not  think 
there  is  room  for  claiming  that  (as  stated  in  Mr.  Clarke's  paper)  the  system  of  track 
is  giving  out  at  all  points,  for  the  existing  tracks  are  cai>able  of  very  great  improve- 
ment, without  departing  from  the  jireseut  general  system  of  construction.  The 
author  recognizes  the  advantages  of  the  longitudinal  system,  as  has  already  been 
shown;  but  its  general  introduction  on  the  ordinary  open  track  does  not  seem  proba- 
])le,  and  under  such  ordinary  t-onditious  of  track  and  traffic  it  is  likely  that  the  pres- 
ent system  of  track,  with  cross-ties,  can  be  very  much  improved  at  less  cost  than 
would  be  involved  in  the  introduction  of  a  new  system. 

The  principle  of  the  Haannauu  self- bearing  or  girder  rail  {.see  Ger- 
many," and  PI.  2)  is  very  different  from  that  of  the  ordinary  system, 
where  ordinary  rails  are  attached  to  separate  longitudinals,  and  the 
Haarmann  track  is  meeting  with  favor  in  Germany,  wliere  the  ordinary 
system  of  longitudinal  construction  lias  been  practically  abandoned. 
In  this  connection,  however,  it  is  curious  to  note  that  deep  T-rails  tried 
in  Germany  many  years  ago  were  abandoned,  as  they  made  a  very 
hard  riding  track.  / 

(3)  Botcls  and  plates. — The  use  of  ties  composed  of  a  pair  of  bowl^ 
or  plates  (usually  of  cast  iron)  connected  by  a  tie-rod  or  tiebar  is  now 
almost  confined  to  India  and  South  America,  but  there  tliey  continue  to 
be  extensively  used,  and  the  most  recent  patterns  in  India  are  said  to 
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Im'  \  t'l  \  >:il  islacl w  hile  T>i  tM ka -cs  arc  rciiia i  ka  1  »l \  rare  1 1  is  (|iiit(' 
iiii|)r()l)al)l('.  liow  t'\  cr,  t  lial  a  ii  \  siicli  s\  si  cm  will  I  »<'  i  ii  (  rod  ikmm  I  i  iil  o  1  liis 
iM»untr\ .  ("arc  is  ic  piircil  in  tainpiii.n'  tliciii  S  )  as  lo  ^i\c  a  iiiiirniiiily 
tinn  ))cari  ii.u'  r»  (lie  t  w  o  h  >\\  Is  o  ■  plat  cs,  as  otherwise  i  he  (rack  will  '^o,t 
out  ol"  siiil';kee,  eaii->iiiu  ci HisK lera  1  >lc  rolliiiu  iiiotioa  (►!"  the  cars,  and 
pcrliai>s  leading  I  <>  a  (la  ii.:;(M(Mis  widening- (>r  the  uaiiue.  The  iiiodeni 
track  with  plate  t  ics  of  t  he  l']ast  1  ndiaii  IJailw  ay.  as  laid  on  the  Delhi, 
riid)alla  and  l\alka  IJail\Na\',  costs  about  >5ii.sr):)  per  mile  I'or  malerial, 
or  >=  1  1  .■">:-! -  including  tVcii^lil,  hauliii.i;",  and  lavinu'. 

In  M  i.  ( 'anta-rcTs  |)aper,  already  rclcrrcd  to,  it  is  staled  that  Mr. 
riaincs  la\('sey  lirst  iidrodnced  (lie  nudhod  (d'  iiilrodnein^  jdate  ties 
(••l)ot  sleepers")  [\)v  suppoiM  i  iil;'  I'ailway  traidvs,  and,  thon.<;'li  little 
nx'd  in  iaii'ope.  they  Inncine!  with  mindi  la  xor  abroad,  espeidally  in 
India.  This  laNor  is  priniMpalI\'  because  these  se[)<irate  ties  ix'wo  <;()0(l 
results.  I  he  conditions  of  spci'd  and  the  wei.^lit of  the  trains  bein^-  \-ei'y 
(litl'erent  in  the  coh)nics  to  what  they  are  in  h^urope;  and  they  oiler 
this  advanta.ne,  for  traiis[)()rt  from  Kni>laii(l  to  India,  tliat  two  of  these 
ties  weiuh  less  than  one  cross  tie.  In  the  first  designs  Mr.  Livesey 
])laced  the  rail  directly  on  thesu])port.  Afterw^ards he  deemed  it  pref- 
erable to  substitute  a  more  elastic  tra(dv,  and  therefoi-e  interposed  a 
beariiii^'  piece  of  wood,  or  rubber,  or  s[)rin<;s5  but  the  difticultyof  main- 
teiiain  e.  owin,i;-  to  this  elasticity,  soon  caused  him  to  abandon  these 
additions  ami  to  return  to  a  sli^^htly  mcxblied  form  of  the  oi-i<iinal  type. 

The  Li\"esey  su])i)orts  (.svY'  PI.  xx  and  also  fig-.  10  in  apiiendix)  are  made 
of  sheet  steel.  A  (dic(dc  rixcted  to  the  su])port  serves  to  receive  the 
tiauge  of  the  l  ail ;  the  other  side  of  the  flange  is  held  in  ])lace  by  a  (damj) 
tighteiuMl  b\-  a  bolt.    The  loose  pieces  are  thus  reduced  to  a  minimum. 

L'ctlii i rniiciifs  (in<l  (■(nnj)(irts(>n  of  (lifj'croU  sysfcins  of  SKpo'sfniciKre. — 
(Ii.  K.  I'ernow,  in  bulletin  ]S^).  1,  Division  of  l''orestr\-,  U.  S.  J)epart- 
ment  of  Agriculture,  18S7) — 

A  very  clalx)!';!! <■  i ii \ est i<2:a t ion  into  the  merits  ol"  (lifVereiit  Kystciiis  of. track  suikt- 
.stnicturc,  with  wooden  ami  iiK'tallic  longitudinal  or  cross-tics,  lias  Itccn  pnljlishcd  in 
the  'H)rii;ui  fiir  Fortschrittc  des  Eisi'uhabn wcsens  '  lor  ISSO,  by  a  lii<;li  authority, 
\V.  Fnclis,  replete  with  niatiiernatical  demonstrations  and  presenting  a  most  thorough 
discussion  on  theoretical  "grounds,  th(^  results  of  which  arc  given  in  the  following 
notes : 

.\. —  Thr  (Kjiirisfi'i  re  f )»'(■(  H  dt/dinst  ifliicli  <i  ii  i/  siisiiiii  of  s  ii  jxrsi  met  it  ic  must  In  fiyipii  red  to 
xtaiuf  art  — 

a)  \'ertical:  j»ressur(iar  tlic  wliccl,  usually  and  properly  taken  as  7. QUO  kilo- 
grams (15,100  pounds). 

(b)  Lateral:  slio(d<s  rc]trcscnt  i  irg  a  total  clTcct  of  .">..")  tons,  discountcil  l»y  a 
relief  of  '2  tons  from  the  opposite  wheel,  tlie  total  ])ressni'e  lu-iiru'  i'onglil.\' 
0,000  kilograms,  w  hich  may  iiKMeasc  to  I  lie  maximum  S.oeo  kilograms 
(11,000  to  17,000  pounils). 

(c)  Longitudinal:  ]»errail  not  over  5,0L'.">  kiloL^rams,  adhesixc  wciglit  of  loco- 
motive taken  as  12,000  kilograms. 

13. — liequircmeuts  of  si/slcntfi. 
(a)  Longitu<linals. 
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The  manuer,  shape,  and  iiumbt'i-  of  cross  coiiueetions  seem  to  be  of  utmost  impor- 
tance ;  blade-shaped  connections  are  preferable  to  those  with  broad  surface  on  account 
of  the  tendency  of  the  latter  to  form  humps  in  the  roadbed;  a  number  of  cross 
connections  is  undesirable  as  counteracting  the  advantages  of  the  long  tic  and  intro- 
ducing the  faults  of  the  cross-tie  system;  the  connection  is  best  made  at  the  rail 
joint,  by  Avhich  the  favorable  influence  of  such  connection  is  utilized.  If  more  con- 
nections are  required,  they  are  best  applied  in  the  middle,  at  equal  distances  from 
the  ends  of  the  tie.  The  main  difficulty  of  long-tie  systems  lies  in  their  deficient 
drainage,  two  backs  "  foi-ming  alongside  the  tie  in  the  roadbed.  This  objection  is 
increased  when  the  cross  connection  has  a  flat  surface. 

Of  all  long-tie  systems  liaarmann's  (employed  on  Berlin  City  Railway)  [now  aban- 
doned— E.  E.  i{.  T.]  appears  best,  exception  being  taken  only  to  the  form  of  cross 
connection.  Hilf's  system  is  found  in  all  points  inferior,  the  former  showing  all  the 
advantages  re([uired  for  an  elegant  and  simply  constructed  supcnstructnre ;  the  only 
ol)jection  to  it  is  that  to  whirh  all  long-tie  systems  are  open — (k  licient  drainage. 
(h)  Cross-ties. 

Tlie  parts  of  the  rail  lying  between  the  support  and  a  point  halfway  between 
supports  receive  less  wear,  ami  an  uneven  ns(^  of  the  rail  is  the  consequence.  Con- 
nections of  rails  to  ties  can  iiexcr  l»e  m;i(le  too  rigid.  The  foot  of  the  rail  should 
preferal)ly  not  be  supported  in  its  entile  breadth,  l)ntonly  on  its  flanges  to  a  sufficient 
breadth,  thereby  insuring  more  stability,  i)ermitting  the  use  of  rails  not  having  a 
perfectly  smooth  loot,  and  a\  oi(ling  an  extra  demand  of  resistance  against  tilting  on 
the  part  of  fastenings. 

r>etlp]ates  are  most  desirable  for  wooden  as  well  as  metal  cross-ties,  making  the 
manufacture  of  the  latter  ties  less  expensive  and  less  diflicult.  By  the  use  of  bed- 
plates the  eating  into  parts  most  used,  aiul  the  conse<iucnces  resulting  therefrom  on 
all  j)arts  of  the  superstructure,  can  l»o  avoided.  The  best  mode  of  fastening  is  pre- 
;<ente»l  by  bedplat«'S  with  hook  Itolts, 

The  best  length  for  metal  cross-ties  is  given  as  i!_'7.7  centiniettus  (7  icet  5A  inches); 
an«l  in  order  to  diminish  tin;  strain  on  the  ti<!  and  coniitei.ict  the  tendency  of  every 
cross-tie  syst«'m  to  change  the  gauge  in  cousc(|uence  ol"  a  l)eiiding  ot  tlie  tie,  there 
should  be  no  tam])ing  luuU'rneath  for  a  length  of  52.7  c(;ntinieter8  (20.7  inches).  A 
trough,  ojK'U  only  on  the  lower  side,  divided  into  three  com])ai  tinents  by  two  cross 
ribs  i)laced  2(!.li'>  centimeters  (10.3  inches)  from  the  center  (»l  tlie  lie,  the  outer  parts 
filled  with  bed  material,  the  ci-ntral  i)art  empty,  will  answer  to  this  requirement. 
At  10  centimeters  (3.1)3  inches,  the  lieiglit  of  a  cross-tie),  am(;tal  cross-tie  system  fur- 
nishes, even  in  the  most  unfavorable  bed  materal,  at  least  1.33  times  greater  resist- 
ance to  sid<^  strains  than  a  wooden  superstructur«'. 

The  distance  of  ties,  at  1  meter  (3.28  feet),  used  on  the  Prussian  profile,  the  author 
considers  too  great  and  0.9.5  meter  (3.12  feet),  or  even  less  on  curves,  just  ])ermissi- 
ble.  Against  longitudinal  forces  the  transmission  of  the  shock  from  the  rail  to  the 
tie  is  more  imperfect  Avith  metal  systems  than  with  woodc-n  ties;  yet  the  resistance 
of  a  good  metal  system  to  displacement  in  the  direction  of  the  track  is  very  much 
greater  than  with  wooden  ties.  Iron  ties  of  10  centimeters  (10.3  inches)  height  with- 
stand the  eflects  of  longitudinal  forces. 

The  cross-tie  with  short  stejis  leaning  somewhat  outward  is  the  most  perfect. 

The  need  of  bedding  material  is  smaller  than  in  any  other  superstructure, 

Bed-plates  with  bolts  otter  very  firm  connections  and  can  be  easily  moved  or 
replaced.  Changes  of  gauge  can  be  as  easily  and  accurately  ctt'ected  as  with  other 
connections.  The  mode  of  fastening  is  independent  of  the  form  of  tie,  and  can  be 
applied  to  any  iron  tie  at  any  later  time. 

The  weight  per  running  foot  ought  to  be  somewhat  greater  than  that  of  ties  now^ 
used,  but  the  greater  weight  ref<;rs  to  such  parts  as  are  little  subject  to  wear,  and 
it  does  not  exceed  that  re<iuired  in  the  long-tie  system. 


.MA  i  i:kial.  1G3 

{'. — Coiiijxiri.'^on  of  nmnl  tiiid  im  tul      /k  i  >l riii  I ui  i  s. 

Thv  siiin'rioritv  of  wd  1-  «lt  \  ist  d  met  .1 1  sii  |>t  i  >t  1  ik  1  m  <■>  i»\ n  t  lit>>r  with  1 1  iiiIm  i-  1  ics 
;irt  usually  applit'J  is  iiioi  c  clca  i'  i  I  \\  c  t  <tiisitl(  i  I  Ik-  inoi c  <  n  seen  i  c  1111  (dc  o  1'  l  ast  cm  - 
iiii;^  ii>  Ix'th  systrni^. 

1 1"  tlio  ^it'atrsl  .vide  >l  ram  ol"  ".:!.".(•  k  i  loi^iairis  ( 1(;,()(H)  |hhiii(Is  )  In-  t\.  1  l.d  ..11  I  lie  rail 
jn>t  o\  «•!•  t  1h'  1  if.  and  it"  I  wn  spi  k»'s  arr  used  oil  t  side  and  one  i  iisi  dc  lor  last  m  i  ni;.  I  luii 
It"  t  hv  (•oftticifiil  ol  I  Viet  1 1  in  lictweoil  metal  and  w  ood  lie  u  .1.  tin-  two  iint>iilf  ,s]  tikes 
iMir^t  olViT  rt'sistanic  K'     7. ;;.')() — ""J*"  iioLirains  i!l,r>7<)  |ionnd>),  while  under 

usual  conditions  theyean  not  olVer  more  than  It.L'OO  k  ilo^ranis  ( 7,(M()  pou  nds ) ;  one 
slioek.  therelore,  is  (  ajKilde  ot'  loosening  the  rail  heri'.  Only  when  tho  three.  si>ikos 
are  united  l>y  hedplates  does  theii'  resistan<c  Ljrow  t()4,800  kilofjjrains  (10, ")()()  itoiuuls), 
or  tlusir  total  eonihined  resistance  to  1  ,S( )()-(- :!,()()()  7,S()()  kiloLCrains  (  17,  KiO  ptumds), 
a^^ainst  a  strain  ol"  7. ;>."»()  (  1(5, ()()()  jtounds).  I'.ut  t  Ids  re.->rsi ;nice  is  |"()nn<i  only  in  aI>>o- 
lutely  sonn<l  1  U's.  Still  less  secure  is  the  usual  mode  ol'  fastening  against  t  iltiug; 
l"or  the  inside  spike  can  not  otl(>r  nioic  t  iian  2.(r)()  kilogratu.s'  (4,r)l()  ])oun(Is)  resist- 
aut-e.  \\hih>  the  altai  kinu  force  ni^ayreacii  a  niaxiniuui  of  1  ,S(;()  k ilonranis  n0,()i)2 
I»oiiiids  I. 

1 ).  —  (  inn jKiri-^dii  dI'  linn/ihidiiKil  diul  c/(<.s.s-//r  .s//.s7c)».s-. 

The  l"()rnier,  if  |>crt"t'et,  like  all  superstructures  with  single  supports,  is  superior  in 
regard  toane\cn  unitbrm  transmission  of  tbo  force  wii\'es  which  Ibrni- nnder  the 
nio\  ing  loails.  Tlu;  many  supp<u-ts  of  a  cross-tie  system  exert  a  disturhing  inlluence 
(Ml  this  w  a\  e  movcmeut,  in  couseiiuence  of  which  tlie  rail  is  not  nniforml>  ntilized. 
Therefore  in  any  cross-tic  system  raiLs  nuist  wear  nncNcnly. 

It  follows  that  on  longitudinal  systems  smoother  rolling  otCars  and  less  wear  of  all 
parts  must  result  than  on  cross-ties;  yet  it  is  possil)le  to  get  suHicient  satisfaction 
in  this  res]»cct  from  the  latter  system. 

Of  more  importance  is  the  greater  security  of  longitudinal  than  cross-tie  systems 
against  side  strains  and  conse(|uent  breakage  of  rails. 

Hy  nst!  of  be«lplates  on  each  tie  or  enlargement  of  rail  t"oot  this  ol»jeeti(Hi  can  ho 
o\ ci  come. 

In  legard  to  drainage  no  satisfaction  has  as  yet  heen  oldained  in  the  iongitudiinil 
systems.  The  (luantity  of  bed  material  neecb-d  amounts  to  the  same  in  both  systems. 
Replacement  is  jirobahly  cheaper  with  cross-ties,  Metal  weight  is  alike,  yet  in  longi- 
tudinal the  wearing  parts  are  the  lightest. 

Tlic  iiiit  lidf  coik  IikIcs  that,  as  only  two  points  are  in  favor  of  tlie  long'- 
ti<'  system,  w  liicli  cnii  }>artly  be  attained  111  cross-tie  systems,  the  latter 
will  !  he  staiidaid. 

M7VTERIAT.. 

('loss  tics  arc  iistiall.\-  of  mild  steel,  t]ioii<:li  in  I>el<iinin  wrongiit  iron 
i:-  in  some  cases  prclcifcd.  Tiie  analysis  of  the  steel  for  the  pressed 
^tecl  ties  ol  the  New  \ ovk  Central  Railway  (as  fnrnlshed  by  the  nian- 
iiractiirers,  tlu;  Sclioeii  Maniiractnrini;'  ( 'om])any,  of  Pitt slmr^,  Pa.)  is 
as  follows: 

Per  (Tilt. 


Carhon   0.  10 

Manganese  10 

rhos])lM)rons  OSl 

Sulidinr  033 


Tile  low  carbon  jx'icentaice  or  ••softness"  is  said  to  be  necessary  for 
metal  to  stand  the  hydianlic  press  or  droi)  forge  shaping-,  but  some 
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exiierts  iu  steel  and  rail  inaimlaeture  and  use  coiisidei-  it  too  low.  The 
tensile  strength  wouhl  be  about  5(),()()()  to  r),"),000  i)ouud8  per  square  inch. 
The  Hunt  ties  for  light  industrial  railways  are  of  soft  steel,  of  o2,()00 
pounds  tensile  strength.  The  followuig  table  gives  the  grades  of  metal 
of  ties  reported  upon  at  the  International  Kail  way  Congress  of  ISDl^: 


Country. 


Fii 


Holland 


Switzerland 


Railway. 


Typo  of  tie.   |  :^^t>tal  of  ( it- 


State   3  types.  (Sec 

I     part  1.) 
Wt'st»'rn   Chainud  


Ni'tlierlaud.s  State. 
Grnit  Central  


Mild  steel  ... 
Steel  


Post's  

Trough  I  Iron 


.do 


Gottliard 


Ste.d. 


J nra  Sinij)lon  

Denmark   State  

Algeria   Algerian  (I'ari.s, 

Lyons  and  Aledi- 
terranean  liail- 
way). 

lione-G'ielnia  

 do  


I  Tioyen.- 
I  Sevcrac 


^ons.  Sle 


.do 


Resistanci' 
(pounds  per 

,s(inarc 
iiiillinietiT). 


99 

121  to  132 
99 


Miiiiniuiii  Ucdiu'- 
elon^a-  1  lion 
1  ion .     1  of  area. 


Per  cent. 
15 

S21  to  25i( 
)  iu  8  ins".^ 


35 

No  tests  speciiied,  the  makers 
{^naranteeiuii  ties  for  5  years. 


(  5  to  5.V 
<  tons  ])er 
(  sq.  cm. 


Trough  '  ^lartin  steel..! 

H  ilf   Steel  aiul  iron . 


83.(5  to  105.G 


105.  G 
88 


SlSto  22^ 


Tlic  rnllowiii is  ail  cxliacl  lioiii  a  papci-  l>y  Mr.  11.  K.  liaiubcr  (l*ro- 
ceeding.s  of  t  lie  1  n^i  it  ul  ion  of  ( 'i\  il  I-aigiiiccrs,  1S!)L'),  on  ''The  niaiiufac- 
tiiic  ol'  1 1  aiis\ (MSI  sUm'ik'i  s.*''  ill  wliit'h  he  refers  to  the  tyi)es  of 

fit's  liaxiiiL:  i)r('ss('(l  lugs  to  holil  tlic  rail  base  (.s'fvj  <'^/.vo  "  Manufacture  of 
iiH'Ial  t  ics.""  lul  l  licr  oii) : 

I'hv  (|iiality  <>l'  tin-  sli;cl  to  Im;  used  in  tlu3  iiiuniiractiirc!  oC  sleepers  wlioso  rinl  i'lm- 
teuin<^.s  are  ibrmed  out  of,  ami  aro  in  a  i)ieco  witli,  the  hlccpt  r  ilscslf.  is  ot  the  utmost 
importance,  and  sttM-l-makers  have  had  tc  ..tiidy  this  niatlcr  xvAy  (;arefnlly.  Tlui 
special  re([uireinents  of  slecixT  steel  at  present  are  as  Ibllows:  (1)  That  it  sh;ill  1)0 
as  even  as  possible  in  (juality.  (2)  That  itHliall  withst.iinl  .in  ultimate  tensile  stress 
of  at  most  from  2G  to  21  tous  i)er  scpiare  ineh.  (3)  That  it  .shall  cloii'^ato  at  least  20 
per  cent  in  a  len'.cth  of  10  inches.  (  I)  That  it  shall  show  a  con  t  raction  of  area  at  point 
of  fracture  of  not  less  than  10  ]>er  cent.  (.'))  That  it  slial!  !)<•  (•ai>abl(5  of  being  bent 
double  on  itself  to  an  inside  rad  i  iis  of  onohal  I'  i  ts  iiiea:i  lliickness  without  sio^n  of 
crack  or  fracture. 

The  steel  used  is  made  by  tlnj  Jiessenu-r,  Thomas,  and  Siemens-Martin  prf)cesse8, 
and  i)0.sse8SC8  the  <iualitics  of  homogeneity,  malleability,  and  ductility.  The  lirst  of 
these  qnalities  depends  largely  on  the  proper  mixing  of  the  steel,  effected  either  by 
means  of  a  mechanical  stirrer,  which  is  lowered  into  the  ladle  containing  the  metal 
Avhicli  has  Just  been  run  IVoni  the  convei  ter,  and  made  to  revolve  at  about  100  revo- 
lutions i>er  minute,  or  by  blowing  the  metal  at  sncb  a  le:npcratnre  as  to  permit  of  its 
being  poured  from  tl)e  converter  into  an  intermediate  ladle,  llience  into  the  casting- 
l)it  ladle,  and  finally  into  the  ingot  molds,  in  a  sufficiently  ilnid  ccmdition,  Avhich 
can  only  be  done  Avhen  pig  iron  sufYicieiitly  bigli  in  silicon  is  used.  The  object  of 
this  ndxing  is  to  insure  sufficient  and  uniform  distribution  througliont  the  iron  of 
the  manganese  Avbich  has  been  rnn  into  the  blown  mefal  to  permit  the  escape  of. 
occluded  gases,  and  to  insnrc  the  trancinillity  oC  the  metal  after  being  ponred  into 
the  ingot  molds. 

There  seems  to  be  no  doubt  that  want  of  sufficient  mixing  is  tlie  reason  why,  some- 
times, in  a  dozen  sleepers  cut  from  one  length  of  rolled  ]»late,  all  having  l)een  pnnched 
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w  II  li  (•<|iial  ciii  i'.  sDiiic  rli*'  t'lifis  iindi  r  tln'  l(cii<li  n^^  tc-~t  ncjnic  reaching;  an 
aii,i;l»'  t»l"       .  wlnlc  otlicis  can  \)r  Itciil  doiililc  Ii  iiiiimcumI  dou  n  (in  the  ha.  k  ol" 

th.' sl»c|HT  witluml  iVartiirr.    It  has  hnii  tin  aut  Inn's      |. en. nc.'  this  want  ol" 

r.'LCnlarity  of  (pialitN  is  i^icatcsl  whrn  tlir  metal,  altn-  the  a»hlitii>ii  of  tlic  !nan<;a- 
iir.s<\  is  pfiliaps  hhiwu  auaiii  lor  a  lew  seconds,  and  not  a  I'i .  rwa  rds  iii.'<hani<al  ly 
mixed  l>\  eiiht  r  (d"  the  two  methods  altovo  mentioned. 

'I  lie  analyses  of  i  lu^  <dass  of  steid  nsod  l»y  t\w  five  (  hi(d'  sleeper  mal<(;rs  in  tln^ 
kini;dom.  and  the  resnlts  of  tensile  tests  showini;  the  (piali  I  y  and  i  an^re  of  eacli,  aro 
i,Mven  htdow.  The  analysis  in  e  u  h  easo  corrt'sponds  with  the  "  inedinni  "  (|nality  of 
tlio  st«'el  i^iven  nnih'T  eacl  nnmher,  ami  the  tensile  tests  whic  h  weio  made  dni  in;.^  tho 
exeentii.n  of  ordtTs  reincsent  linndrtMls  of  thonsands  of  tons  of  steel.  It  will  l)o 
iMulerstood  that  tht^  terms  "soft.'' niedinin,"  "  hard,"  avo  nsed  i-ela I  i \  (  I > .  lor  the 
pnrpose  of  showini;  t'  l*  rani;e  and  avera<ios  of  the  difleicnl  steels. 

In  order  to  show  that  -.teei  of  a  hijjjlier  tensile  strength  than  :)1  tons  is  not  snitahh; 
lor  nj^e  in  the  mannfactnre  of  these  sleepers,  the  antlior  «;ives  the  analyses  and  the 
resnlts  of  tensile  tests  of  steid  taken  from  the  Itarks  or  thiekest  parts  of  some 
•^leejx'rs  \\lii(  h  had  broken  in  two  l»y  lallini^  on  a  hard  suhstanee  when  being  dis- 
(  harged  Ironi  railwa\-  wauons.    'IMiey  were  all  made  nnder  one  order. 


Juidi/sis  of  "  utediuni^'  steel,  acid  manufacture. 


1. 

2. 

Number— 
3. 

4. 

5. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

('arl)ou  

0. 12^ 

0. 12 

0.  on 

0.11 

.():{ 

.01 

.02 

nil. 

.02 

.  ()() 

.06 

.05 

.05 

.05 

.06 

.00 

.05 

.06 

.05 

.40 

.40 

.70 

.42 

.75 

Results  of  the  tensile  tests  of  these  steels. 


Quality. 


Medium. 

Hard. 

1. 

2. 

3. 

4. 

5. 

1. 

3. 

4. 

5. 

Load  per  square  inch.  .tou.s. . 

30.41 

27. 38 

27. 31 

28. 30 

29.  90 

32. 50 

28.73 

29.  63 

29.  30 

33.70 

Kion;:ati<in  in  10  incbes,  i)er 

<  t  ut  

23 

26.  50 

21.56 

21.50 

23 

22. 65 

25 

22.  30 

23 

22.  50 

'  intractiou  percent.. 

46 

56 

48 

39. 08 

59.  50 

46 

Analyses  of  steel  of  broken  ties. 


a. 

6. 

c. 

d. 

e. 

0. 15 
.05 
.06 
.OS 
.46 

:!n.  60 

nil. 
nil. 

■■12.  50 
21.  09 
48 

0. 15 
.04 
.06 
.08 
.47 

36 

13.  67 
42 

32.  50 
23. 83 
48 

0. 15 
.03 
.058 
.083 
.45 

37 

14.  22 

38 

32.  50 
30.  31 
52 

0. 14 
.05 
.055 
.08 
.47 

36.  66 
14. 45 
40 

33.  33 
23.  U 
42 

0. 15 
.05 
.06 
.08 

9. 49 

34 
2.74 
nil. 

32. 50 
23.84 
46 

I'li<».si>]i«)rns  

M.Mijrane.m"  

'!"t  iisilf>  test  jiiee^'s.  unainicaled  : 

I.i>a<l  jiei  .s(|uare  iiicli  

EloHL'ation  in  8  im  lies  jierceiit.. 

Contraition   do 

1  >  n.sile  test  jueccs.  aiun-aled  : 

Load  pt>r  .sipiare  iiicli  

Elongation  in  s  inches  percent.. 

Contraction                                              .  do 
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It  would  appear  as  though  the  four  sleepers  a,  b,  o,  and  c  had  been  made  from 
oue  rolled  bar.  It  was  evident  that  these  five  sleepers  had  been  made  from  plates 
Avhich  had  been  •'cold  rolled,"  that  is,  they  were  not  at  a  proper  heat  at  the  time  of 
rolling,  either  from  neglect  at  the  furnace,  or  through  some  delay  after  reaching  the 
roughing  rolls.  The  subsequent  i)unching  up  of  the  clips  at  too  low  a  heat  had 
developed  strains,  starting  at  an  angle  of  45-'  with  the  root  of  the  cli]).  along  whi(  li 
lines  of  strain  the  sleeper  ultimately  broke. 

The  lesson  to  be  learnt  from  these  experiments  seems  to  be  that  steel  having  a  ten- 
sional  strength  of  32.25  tons  per  sciuare  inch  is  not  suitable  for  use  in  the  manufac- 
ture of  sleepers  which  have  to  withstand  strains  cftused  by  the  punching  up  of  por- 
tions of  the  plate,  because  by  working  the  steel  at  too  low  a  heat  strains  may  be  set 
up  by  the  subsequent  opei'ation  of  punching  to  such  an  extent  as  to  cause  fracture 
as  in  the  cases  just  considered.  It  is  the  author's  experience  that,  if  in  the  ordinary 
course  of  manufacture,  the  steel  be  kept  at  about  23  tons  tensile  strength  per  s([uare 
inch,  the  clips  may  be  bent  double  without  any  fear  of  fracture  taking  ])lace;  but 
when  of  such  tensile  strength  as  to  withstand  31  tons  per  S(|uare  inch,  at  least  -4  per 
cent  of  the  clips  will  fail  on  being  bent  to  an  angle  of  90\  He  is,  therefore,  of 
opinion  that  steel  used  in  the  mannfactaro  of  sleepers  of  this  type  should  be 
allowed  to  range  lietween  2J)  and  30  tons,  a)ul  h«^  linds  that  the  ste<d  which  gives  in 
all  respects  the  most  satisfactory  results  is  that  which  answers  to  the  following 


analysis  and  tests: 

.  I  IKtll/sis. 

Prrocnt. 

Carbon   0.  12 

Silicon    02 

Sulphur   05 

Phosphorus  05 

MangaiK'se  70 

7  en  >i i o n  a  I  nl  re u  cy  / h . 

Load  per  square  iiii  h  tons..  28 

Elongation  in  1(»  inches  per  cent..  21 

Contra<  tion  <!<>   50 


The  steel  should  be  capable  of  being  bent  <louble  on  itself  to  an  inside  r.idiiis  of 
one-half  its  mean  thickness  without  sign  of  lamination,  crack,  or  fracture. 

In  regJiid  to  tli<*  lusc  of  steel  and  east  iron  lies  in  India,  it  is  stated 
tliat  unserviceable  steel  ties  lia\  e  little  or  no  valne  as  seraj).  while  cast- 
iron  scrap  is  ill  great  demand. 

MANUFAC  TURE  OF  METAT^  TIFS. 

Steel  cross-ties  are  nsiially  eitiier  rolled  Iroin  ingots,  like  lails,  or 
l)ressed  to  sliape  by  hydraulic  presses  from  tlat  jdates,  and  the  latter 
method  is  that  employed  for  most  ol' the  ties  which  have  been  tried  in 
this  country.  Where  holes  are  to  be  punched  pr  drilled  they  should  be 
made  siiiuiltaneously,  as  it  has  been  found  that  where  the  holes  at  one 
end  of  a  tie  are  matVe  first  suflicient  care  is  not  taken  to  get  the  others 
at  the  mathematically  exact  point,  so  that  exact  uniformity  of  gauge  is 
not  as.sured.  Drilled  holes  are  generally  preferable,  and  punched  holes 
should  be  either  round  or  have  rounded  coiners,  as  cracks  are  almost 
certain  to  start  from  sharp  cornered  holes.    The  nianufaetnre  should 
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also  he  iiiidci'  llic  siii>('i\i.->f7ni  (>r  ail  i  iis])('CM)r  ic|>rcs('iit  i  ii;;  llic  railway 
('(»iii|>;ni\ .  Macliiiiiiii;-  aii.l  liaiid  liiiisliiiiL;  aic  to  Ix'  a\ oidcd  ;is  laf  as 
jM>ssil)I('  :  hut  Mr.  Prict*,  whose  tic  is  Ixmiiil;"  tried  on  the  IMiiladclpliiii  ami 
Kcndiii.L:  li'ail  way,  makes  t  he  sjx'cial  (daiiii  thai  iail\\a\  coiiiimiiy 

<'aii  l)ii,\  (he  iiialcrial  and  iiiaiiiil'nci  iirc  1  he  IMicc  t  ic  at  it  s  <>\\  ii  sliops, 
Msiiii^  the  <»rdiiiary  drilliii^^  and  ri\('t iii;^'  appliances. 

All  iMii^iiicci.  ill  writing"  ahoiit  tlie  exixM'ieiices  with  iiielal  ties  on 
Indian  ;ailwa_\s,  states  that  one  of  tiie  most  fVe(incnt  c(nii|»hiinls  iiia(h' 
ajiain>t  such  ties  is  t  he  \  ariat  ion  in  ^ani^c  ol"  tra(d;;  but  when  this 
occiirN  It  i>  due  mainly  to  the  carelessness  of  the  workmen  eii.iiai;(Ml  in 
tlu'ir  maiin  t'actiire,  lor  there  is  no  reason  why  the  L^anu'c  should  not  he 
exact  it  i)ropci  care  is  taken  to  use  ])ro[)er  tools,  and  to  (diaii^e  t  he 
l)iiii(l!c>.  etc..  directly  tlie,\-  show  any  sig'iis  of  beiiii;'  blunt  or  worn. 
Indian  experience  .ut>es  to  i)ro\-e  that  the  workmen  (h>  not  chan<;"C  tlie 
punche>  >iiriicient  l,\  ol'teii  to  insure  lii'st-cUiss  work,  unless  they  are  com- 
])elled  todosn;  but  if  the  material  is  carefully  inspected  before  bei no- 
accepted,  and  all  that  is  not  correct  rejected,  tliey  can  soon  be  made  to 
understand  that  it  will  not  ])ay  to  turn  out  inferior  work. 

lv'ailwa\  com])anies  whi(di  ])urcliase  metal  ties  should  Imve  all  the 
material,  includiiii»'  the  littiii<;s,  examined  at  the  works  by  a  competent 
inspector  havin<;  powei  to  reject  unsatislactory  work,  and  even  when 
made  in  the  company's  own  worksho[)s  iti  should  be  inspected  by  a 
.  re[)resentati\'e  of  the  track  dei)artment  before  beiui;-  used.  A  smart 
nsi)ector,  sui)i)lied  with  steel  templets  and  i»auges,  can,  with  the  help 
of  two  laborers,  examine  a  lar,<;-e  (piantityof  material  in  aday,  and  it  is 
labor  well  spent.  The  inspector  should  be  familiar  with  practical  track 
work  as  well  as  with  the  manufacture.  In  addition  to  gauging-  the 
parts  separately,  it  is  iisual  in  foreign  ironworks  where  large  orders  are 
being  turned  out  to  tit  nn  a  pair  of  oO-foot  steel  rails  from  each  day's 
make,  as  tln^  gauge,  j^roper  amount  of  inw^ard  cant  for  the  rail,  etc., 
can  he  le>ted  nunc  correctly  wdiere  V2  to  KJ  ties  are  connected  than  if 
they  were  tried  singly. 

W  hen  tie  bars,  or  ties  themselves,  have  to  be  piiiudied  at  both  ends, 
the  full  nund)er  of  holes  should  be  punched  at  one  stroke  of  the  machine, 
as  these  h()le^5  determine  the  gauge,  and  once  the  machine  is  set  correctly 
and  i)roperly  secured,  no  error  is  possible  so  long  as  the  tools  are  in 
good  order,  besides  whi(di  this  arrangement  is  more  economical. 

To  show  the  importance  of  gauging  each  i)art  separately  the  writer 
above  referred  to  mentions  that  when  Denham-OlphertwS' cast-iron  ties 
have  been  made  up  with  parts  received  from  different  manufacturers, 
there  has  been  neai  ly  one-half  inch  difference  in  gauge,  although  no  one 
t^ait  was  more  than  one  eiglith  inch  out  of  gauge.  With  these  ties  the 
gaugt'  depends  eipiaUy  n})on  the  two  holes  ])un(;iied  in  the  tic-bar,  the 
width  ot  the  wrought-iron  keys  w  hich  fit  in  these  holes,  and  the  back  of 
the  tw(;  cast  iron  plates.  It  the  former  is  one-sixteenth  imdi  wide  at 
ea(  h  end,  the  ke\  s  each  one  sixtcentn  imdi  too  narrow,  and  each  ot  the 
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plates  the  same  amoaiit  scaut  at  the  base  of  the  outer  Jaw,  where  the  key 
tits  through  the  tie-bar,  the  error  is  uiultipliecl  sixtiuies,  and  the  track 
will  be  three  eighths  inch  wider  than  the  standaid.  although  taken 
separately  the  ditt'erence  would  scarcely  a[)pcar  to  hv  worth  notice. 

It  has  been  found  possible  to  reduce  the  number  of  uiishts  aud  rejec 
tions  of  sunill  parts  from  2,")  to  5  per  cent  by  carefully  supervising  the 
•workmen  and  the  tools  used  for  one  month.  Even  the  best  workmen 
grow  careless  wlic:!  they  tind  that  no  checic  is  kept  upon  them,  and 
the  low  rates  at  wliich  railway  supplies  are  sometinuis  contracted  for 
makes  it  im[){M  ati\ c  that  there  should  not  be  any  delay  in  turning  out 
the  work,  as  it  is  oidy  b}'  hurrying  the  Avhole  staff  that  any  profit  can 
be  niadc.  Firms  oiten  send  in  ])r()posals  for  the  supply  of  metal  ties, 
although  they  know  notliiiig  about  the  manufacture  of  such  material, 
and  do  not  even  possess  the  necessary  Mi)i)lianccs  for  insuring  good 
work.  Tiic  only  remedy  against  this  is  a  com])lcte  system  of  inspection 
by  tlie  railway  company's  men.  who  should  insist  u]»on  the  specifica- 
tions being  rigidly  adhered  to  in  every  particuhu,  as  in  the  case  of 
rails,  splice  bars,  switches,  and  other  track  material. 

Mr.  liricka,  of  tlie  8tate  Kail  ways  of  France,  stated  in  18!)2  that  it 
was  admitted  that  metal  ties  usually  failed  at  the  holes  for  the  rail 
fastenings,  and  that  he  had  made  investigations  as  to  the  causes  which 
iiilhienee  this  deterioration. 

Tlic  most  «ii'HL'rally  know  n  cansc,  and  one  which  is  ot'tcn  stated  as  a  serious  ohjec- 
tion  to  the  use  of  metal  tfes,  is  the  formation  of  small  cracks,  which,  under  the 
vibration  due  totrrJtic,  increase  until  the  tie  has  to  be  removed.  The  r(;pcated  shocks 
and  vil)rations  from  trains  are  not  in  themselves  sutlieient  explanation;  for  in 
l)ridi;cs,  engines,  car  frames,  etc.,  iron  and  mihl  steel  resist  such  constant  conditions 
of  wear,  and,  when  of  suitably  calculated  dimensions,  no  cracks  occur.  He  there- 
fore con<lu<  ted  tests  to  measun'  the  strenjjth  at  the  hol(!S,  usin;^  ties  from  two  dilfcrent 
steel  works,  and  exerted  on  one  of  the  sides  of  the  holes,  10  inches  wide  aud  0.4 
inch  thick,  a  com]uessive  force  analogous  to  that  i)roduced  in  the  track.  According 
to  these  tests  the  resistance  should  average  about  30,800  pounds  per  mm.,  and 
should  not  descend  bcdow  22,000  ])ounds.  Then,  according  to  the  tests  of  Wohler 
and  Spangenburg,  the  re])eated  effects,  even  indelinitely,  in  the  same  direction,  only 
cause  a  change  in  the  metal  if  they  exceed  the  linut  of  elasticity.  The  lateral 
blows  which  can  be  exerted  on  the  rail  fastenings  certainly  do  not  attain  the  limit 
of  elasticity  corresponding  to  the  rupture,  for  (as  proved  by  the  duration  of  the 
fastenings  ou  wooden  ties)  the  efiorts  of  this  kind  are  always,  in  normal  conditions, 
below  the  figures.  Careful  examiuatiou  of  holes  punched  in  the  ties  enable  it  to 
be  seen  that  the  production  of  the  cracks,  if  aggravated  by  transverse  blows  ou  the 
track,  is  due  to  a  different  cause,  aud  one  easy  to  ayoid.  The  pun(died  holes  are 
usually  rectangular;  and  if  one  considers  the  sharp  angles  it  is  evidently  impossible 
that  the  punching  can  be  done  without  tearing  the  edges  of  the  hole.  This,  it  is 
thought,  can  be  remedied  by  rounding  the  corners  to  a  radius  of  0,12  inch.  If  .a 
number  of  such  ties  are  examined  it  will  be  seen  not  only  that  the  corners  are  of 
much  shorter  radius,  but  that  sharp  angles  often  exist,  in  spite  of  the  means  taken 
to  ]n  event  them.  The  exjjlauation  is  that  in  successive  punchiugs  the  punch  is  worn 
little  by  little  and  forms  surfaces  more  or  less  irregular,  which  tear  the  metal  at  the 
bolt  holes  and  produce  the  beginnings  of  cracks. 

1  have  had  indisputable  proof  of  this  existence  ot  cracks  in  unused  ties.  A  little 
time  after  the  placing  of  the  hist  metal  tms  employed  on  the  State  railways  sorao 
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rraclcM  wtTc  not  ictil  l>\  the  men  in  (h.-ir^f  (»t  i  ii  I  mi  iirc.  ;i  lul  I  had  t  In'  I  ics 
»'\ainin«Ml  with  ureal  tare.  Tlif  tliii'l  ol'  Nfrtioii.  lo  whom  thi>  \\  a^  i  ii  I  ni->l  nl ,  was 
not  content 0(1  w  itli  rxanimiiiii  \  \\v  I  ir-,  m  i  hr  I  lack,  luit  .  \aiiiiiit  (l  also  t  hose  in  the 
st«>ri'hons(',  wliifli  had  ih  vit  Iutii  in  m  r\  ice.  In  thexr  lalli  r  tin'  cracks  wen*  cN en 
niori'  ai)i)ariMit ,  ami  >incc  then  I  he  men  in  cha  luie  of  ma  i  nl  enanee  ha  \  e  not  jterta'i  vctl 
that  the  niiml>er  oreraekeil  ties  in  the  track  lia>  iiicrcascil.  In  niiler  to  rirnicily  this 
evil  it  IS  iieces>ai  \  (o  ui\e  to  iIh'  liojes  rounded  corners  ol"  at  least  ().12-imdi  radius, 
anil  espeeiall.N  to  re(|Uire  thai  ihe  iMim  In-s  l>e  itMiewed  iVe.i  innt  ly,  lor  which  jiiiipose 
special  supers  ision  of  the  puMchiuL:,-  is  neres-.ar\  .  It  is  NiiHicictil  to  si  r  that  the 
si<les  of  the  holes  are  (dean  and  saiooi  ii.  and  espn  iall\  1  lial  the  cireulai'  rorm.  of  t  lle 
cor^ers  is  w  (d  1  lu  iintained.  1  would  add  that  it  is  easy  to  pridoiin.  almost  indeli^ 
nilidy .  and  at  least  for  several  \  cars,  t  li(>  li  fe  of  era(dsed  t  ics  l»y  slopping  the  ciaei<s 
iiel'oi'e  the\  hecoine  exteii(le(l,  liy  means  of  a  small  Inde  ])ierc(  «l  at  the  end  of  the 
cra(  k.  Ties  placed  in  the  trai  1<.  four  years  ai;-o  on  whi(  li  this  prec.iuliiui  was  taken 
remain  since  that  timo  exactl>  in  the  s.ime  condition  as  when  the  era(ks  wcic 
ohsfi  x  0(1. 

'idle  la(d<  ol"  care  in  niim  liinu  is  respousi l)le  not  only  for  ca  usi iii;  cr.a (d<s,  but  also 
laviiely.  if  not  ei;tir(  l.\  .  for  the  dilliciilty  of  keepin.i;  the  tratdc  to  ii;an«>e,  which  is  so 
often  noticed.  In  iieaily  all  the  works  the  holes  are  made  snecessively  at  ea(di  end 
of  the  tie.  without  siillieient  care  to  lix  the  (^xact  relative  position  of  the  holes.  There 
are  also  variations,  often  excessive,  in  the  dinieu.sions  of  the  fasteuini^s  (clanij)S,  cot- 
ters, ,iud  keys^  and  the  variations  of  holes  and  fasteuiufjs  form  a  ciiuiiihitive 
error  if  they  are  in  the  same  direction.  As  a  result,  when  the  track  is  laid  the  jLj;auge 
(d"  the  rails  is  not  uniform,  and  the  track  ajipears  badly  lined  and  gan«;ed.  Tlie  sec- 
tion torcmiMi  endeavor  vainly  to  remedy  this;  they  never  attain  regularity,  since  in 
reel  iiyini;  (uie  liii(>  of  rail  they  necessarily  displace  the  other.  The  best  plan  in  such 
a  ea.se  is  to  be  satislied  with  the  imperfect  line,  which  has  no  serious  practical  disad- 
vantage, except  that  the  defects  of  punching  the  ties  an(.l  the  ganging  of  the  holes 
nniy  be  increased.  It  is  evidently  necessary,  however,  in  contracting  for  new  mate- 
rial to  insure  that  these  defects  may  be  avoided. 

As  the  steel  cro.ss-tie  represeuts  the  tyi)e  most  extensively  used  an, I 
the  ty[)e  most  likely  to  be  introdnced  more  extensively  in  this  country, 
I^ivc  herewith  an  extract  from  the  paper  by  .Mr.  II.  K.  Daiuber  (already 
noted  under  the  head  of  '^Material'')  on  "The  manufacture  of  trans- 
verse^teel  sleepers."  He  refers  prin('ii)ally  to  the  ties  in  which  lii«;s 
are  stamped  up  at  the  rail  seat  to  enga^ae  tlie  base  of  the  rail,  which  is 
sccuicd  l)y  taj)er  steel  keys,  such  as  the  Keiulel  tie  (India,  8ce  PI.  'I'l) 
and  the  Cal)ry  and  Ivinch  tie  (Eni^land,  .sv;e  PI.  I).  The  manufacture 
of  tlie  former  type  is  a  very  lar<;e  industry  in  England,  one  tirm  alone 
haviii.o  maiiiiracluicd  up  tt)  1892  a 'total  of  2,800,000  ties,  or  130,000 
tons,  and  being  a])le  to  turn  out  complete  meter  gauge  ties  of  this  ty])e 
at  the  rate  of  10  per  minute. 

^There  are  two  meth(»ds  of  rolling  steel  sleeper  plates:  (1)  Into  the  form  of  Ihbt 
plates;  (2j  into  the  form  of  trough-shaped  ]ilates.  In  the  first  case,  for  sleeper 
]>lates  13i  inches  wide,  the  section  of  ingots  at  about  half  their  length  measures  10 
by  17  inches,  while  in  the  second  ease  tin?  section  at  the  same  point  is  l;"j  in(  hes 
s(iuare.  In  either  case  the  weight  of  the  ingot  varies  from  2,240  to  8,:^liO  pounds.  Tlie 
iin])ortant  point  to  \w  remembered,  in  the  rolling  of  soft  steel  into  thin  and  narrow 
plates  of  great  length  is,  that  the  metal,  unlike  hard  steel  or  iron,  on  Ixdng  rolled, 
does  not  tend  to  spread  in  the  direction  of  the  width  of  the  plate:  and  theri  tore  the 
ingot  should  always  be  wide  enough  to,i)ermit  of  a  suliicient  amount  of  comi)rcssion 
on  the  sides  which  w  ill  ultimatcdy  form  the  edges  of  the  i)late. 
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A  plate,  sncli  as  used  iu  the  manufacture  of  the  Rendcl  .sleeper  (PI.  22,  E,  E.R.  T,), 
will  be  rolled  iu  the  following  niauuer:  The  ingot  measures  10  by  17  inches, 
and  the  first  operation  consists  in  cogging  this  ingot  down  to  a  section  measuring  2^ 
by  14  inches.  Comi)ression  to  the  extent  of  7^  inches  has  tlnis  taken  i)lace  in  the 
direction  of  the  thickness  of  the  plate,  and  3  inches  in  that  of  its  width;  the  latter 
being  effected  by  turning  the  ingot  (which  now  measures  2^  by  17  inches),  and  pass- 
ing it  through  an  ••edging  groove,''  Avhose  cross  section  is  2^  by  14  inches.  This 
passage  through  the  edging  groove"  is  the  great  feature  in  securing  sound  flat 
l)lates,  and  before  ingots  were  comjiressed  in  this  manner  it  was  almost  impossible 
to  obtain  a  length  of  plate  which  -was  perfectly  sound  on  its  edges. 

The  sleeper  may  also  bo  made  from  plates  rolled  in  trough  fonn,  iu  which  case  the 
ingot  would  measure  15  inches  square,  and  would  be  cogged  down  to  a  section 
measuring  8  by  Gi  inches — a  compression  respectively  of  7  and  8i  inches.  The  advan- 
tage to  the  sleeper  maker  of  rolling  plates  in  trough  form  is  that  the  same  ingot 
molds  and  cogging  rolls  may  be  used  as  for  rails,  whereas  special  molds  and  cogging 
rolls  have  to  be  used  lor  llat  plates,  unless  the  rolls  have  been  designed  for  l)otli  rail 
and  sle»'per  ingots. 

In  rolling  flat  plates  the  slab,  raised  to  the  inoin'r  temperature,  is  brought  to  the 
roughing  rolls,  which  are  "  boxed,"  and  is  further  compressed  in  the  four  presses  until 
its  section  measures  K)|  inches  wide  and  .V-iuch  thick.  It  is  then  immediately  passed 
through  the  finishing  rolls,  the  last  })ass  through  which  adjusts  the  plate  to  section 
and  weight,  at  the  sanie  time  rolling  on  it  the  name  of  railway  and  mannfactur(!r, 
and  the  date.  The  length  of  a  rolled  plate  is  about  120  feet.  The  weight  of  sleeper 
plates  is  very  important  and  requires  most  careful  watchiug.  Plates  rolled  from 
slabs  insulliciently  heated  are  sure  to  be  heavy,  wliilcil'  the  slab  has  been  overheat(?d 
the  plates  nniy  l)e  too  light.  An  allowance  of  3  pounds  t  itlu  i  way  on  a  120-pound 
jdate  is  jiermitted,  anil  slutuld  not  l»o  exceeded,  but  the  nuilior  Ims  found  thac,  with 
ordinary  care,  llat  plates  will  n(>t  vary  more  than  2  |>oiiiiils  fither  way  on  a  plate  of 
the  above  weight.  The  weight  of  sleepers  may  often  l)i  .id  justed  to  a  nicety  by  the 
judicious  use  of  cold  water  on  the  lolls.  The  jioiuts  to  Ik^  wat(  bed  ;ir<^  the  width  of 
plate,  thickness  of  edges,  an«l  weighl  jier  plate. 

The  ingot  from  which  trough-shaped  ])lates  are  to  be  rolled  measures,  after  cog- 
ging, X  by  (\\  inches  at  its  cross  section.  This  ingot,  or  ratlujr  sla1>,  when  reheated 
is  passed  through  the  roughing  ndls.  [These  lirst  l>reak  it  down  into  approximately 
hour-glass  section,  and  then  by  six  more  shapes  gradually  give  it  the  trough  section 
— E.  I'].  1\.  T.].  The  roughing  and  finishing  rolls  can  not  be  ''boxed"  like  those  for 
the  llat  plates,  so  that  one  roll  may  move  transversely  independent  of  the  other,  any 
slackness  in  the  lit  of  the  bra.sses  in  the  roll  standards  at  once  affecting  the  relative 
thickness  of  the  two  sides  of  the  plate  being  rolled.  If  a  slab,  through  unequal 
heating  in  the  farnace,  is  somewhat  softer  on  one  side,  the  colder  and  harder  side 
otiering  more  transverse  resistance  to  the  rolls  will  cause  them  to  draw  hard  against 
the  hotter  and  softer  steel,  and  so  result  hi  an  inequality  in  the  thickness  of  the  two 
sides,  often  amounting  to  ;3^-inch  in  the  finished  plate.  This  is  very  detrimental  to 
the  proper  shaping  of  the  sleeper  under  the  press,  and  freciuently  affects  the  position 
of  the  clips  or  jaws  under  the  punches,  and  has,  in  the  author's  experience,  been  the 
cause  of  a  very  large  number  of  rejections.  Trough-rolled  plates  curve  considerably 
in  cooling,  conse(]uently  their  adjustment  on  the  press  block  is  very  difficult,  and  in 
many  cases  impossible.  The  weight  of  trough  plates  varies  considerably,  frequently 
to  the  extent  of  12  pounds  on  a  standard  120-pound  plate. 

Steel  sleeper  plates,  both  of  fiat  and  trough  section,  are  shaped  while  red  hot 
under  a  hydraulic  or  steam  press,  to  which  are  attached  suitably  shaped  cast  iron 
molds.  Of  these  moMs,  that  forming  the  under  or  concave  part  of  the  sleeper  is 
usually  fixed  to  the  bed  of  the  press,  while  the  upper  block  is  bolted  to  the  top 
table,  which  in  turn  is  attached  to  the  hydraulic  ram  and  is  movable  vertically, 
the  ends  of  th(!  table  sliding  in  grooves  cast  in  the  standards  of  the  machine.  For- 
merly the  bottom  block  was  cast  in  two  pieces,  so  that,  if  one  end  failed,  it  might 
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n>f  at  t  llil.'s  In  -Ml  loiis  (l.lril  s  ill  t  ll'-  >l.M'|iri>.  lor  1 1 . )  u  «•  \  c  r  I  1 ll  I  I  \  I  he  ltl()(k->  III  I -4  lit 
liavc  IxTli  Ixillcd  ti)  till-  iMlclii  iif.  t  Ik-  rt'|ii;i !  nl  >linrlvs  siislaiiinl  vslicii  lln'lu;i\\ 
t«»i)  l>li)fl\  tlcscciitlt'd  \  ai  ialily  caii.sctl  t  lie  t  w  o  lial\  «  s  t()  l»f  iii.»vril  oii  1  nf  line,  mark 
lilt;  t  111-  sliciitis  \(«r\  liadi  \  .  iiiilri'il,  xiiiirl  iiiics  iii'arl\  slira  ri  iii;-  I  lit-iii  i  ii  t  w  <  /  w  licir 
tli»<  liloilsN  met.  Scalr  aUo  ^.li  iiiiilrr  tin-  lilndss.  ciilircly  alliiinL;  tlirir  iiropci' 
i iicl i iia  t  loll  ami  spoil  iiu;  I  lie  ^Icciicrs.  I'lic  t  op  lilo<  k  or  mold  may  \\  i  I  li  ad  \  a  ii  t ai;f 
lie  fa>l  ill  two  pieces,  ami  these  should  not  III-  too  ri'4iill\  li\eil  to  the  machine,  an 
they  readily  adjust  t  li<iiis(d  \  (>s  t  o  t  he  pla  t  e  \s  ii  ich  is  hei  n  u  pics-cd  ;  and  in  the  case, 
(d"  (  roii^li  rol  led  plates,  t  he  t  liiidviiess  of  w  Iionc  sides  oil  eii  \aries\er\  <onsi  deia  ld>-, 
this  is  a  ureal  ad\  antaue.  as  ii  relieves  tiu^  ram  of  much  of  the  sidi>  pressure  hroiii^ht 
on  it  l>>  siidi  irreuiilarities  ol'  ihicktu'ss.    'VUr  hloi  ks  lia\e  cliiMeil  sni  laces. 

The  mosi  i  III  port  a  11 1  ol'  all  I  he  opera  1  ions  which  take  jdace  in  t  he  const  met  ion  cd' 
stetd  sleepers  (d'  the  i  1 1  se  pa  la  1  d  e  (dip"  t  \  pe  is  that  ol'  t  lie  rolliiatioli  liy  piimdiiliu- 
ol"  t  he  (1 1  lis  or  ra  il  lasi  eiiin  ^s.  {'he  1 1  le.  and  I  he  redo  re  tin;  value  ol  the  sI('C])cr  itH<'lf, 
depends  upon  the  sln  n^tli  ol  lliese  lasteiiinus,  while  the  accuracy  of  jraui^o.  or 
distance  hctwecii  the  rails,  is  didcrmined  liy  t  hei  r  ]>roper  i'(d;itivc  position.  It  is 
well  known  that  if  st  ctd  is  pum  lied  (d  I  her  cold  ol'  at  a  low  heat,  tlio  metal  sunoiind- 
1114  'li^'  piiii'ht'il  portion  is\(>ry  iniiirioiisly  alf('(diMi;  but  that  if  a  ntieal  i  iii;-  is  after- 
ward resorted  to.  the  strains  set  up  iu  ])iineliiii,<;- are  to  a  certain  extent  reniovcd. 

riifortiiiiately  it  is  not  i)ossil)lo  to  anneal  an  article  of  irrcj^nlar  Ibrni  and  section 
without  its  liecoininji-  distorted  iu  coolini;  to  such  an  extent  that  the  amount  of  after 
adjustment  reiiuired  precludes  the  possibility  of  the  cheap  and  rapivl  manul'acture 
ol  such  an  artiido.  For  this  reason  steel  sleepers  can  not  advantageously  be  punched 
cohl  and  afterwards  annealed.  The  only  alternative,  then,  is  to  form  the  rail  lasten- 
in<;  wliile  the  sleeper  plate  is  at  a  good  red  heat,  and  to  complete  the  manufacture  of 
eaeli  sleeper  before  its  temperature  has  fallen  to  anything  like  a  black  heat.  In 
pum  liiug  sleeper  plates  at  a  red  heat  two  difhculties  present  themselves,  (1)  that 
of  maintaining  a  proper  relative  position  between  the  fastenings,  owing  to  the 
irregularitx  m  the  contraction  of  plates,  either  from  the  quality  of  the  metal  or 
variation  of  temperature  at  the  time  of  punching;  and  (2)  that  of  keeping  the 
punches  and  dies,  wlin  li  ( onstantly  come  in  contact  with  the  red-hot  metal,  sufli- 
ciently  cool  to  insure  keen  cutting  edges  without  lowering  the  temj)erature  of  the 
sleejier  its(  II  iii  tin;  neighborhood  of  the  jaws. 

Tlie  author  carried  out  experiments  on  a.  large  number  of  sleepers,  with  the  view 
of  ascertaining  the  most  suital)le  temperature  for  the  formation  of  rail  fastenings 
of  the  i  \  pe  used  on  the  Indian  state  railways.  The  steel  used  in  these  experiments 
was  iinitoim  in  (piality  and  of  e(|unl  tensile  strength. 

(1 )  Of  (  lips  imiK  lied  in  cold  plate  100  per  cent  broke  oft"  short  on  being  bent  bacdc 
with  the  usual  testing  s])anner  through  an  angle  of  10"^.  (2)  Of  clips  punched 
in  ( old  plates  w  Inch  were  afterwards  annealed,  50  per  cent  broke  oft"  at  an  angle  of 
of  20  .  while  .'»()  i)er  cent  l)roke  oft  at  an  angle  of  90^'.  (8)  Of  clips  punched  in 
plates  wlii(  ti  had  been  heated  to  a  ])right  cherry  rvd  and  allowed  to  cool  down 
to  a  bla(  k  heat  l>efore  being  punched  6(>  per  c(Mit  broke  off  short,  while  the  remain- 
der failed  before  reaching  an  angh;  of  oO  '.  (1)  Of  clips  punched  iu  ])lates  at  a 
black  heat  and  afterwards  annealed,  01  per  cent  bent  back  double  on  themselves, 
while  the  r(Mmiinder  stood  at  an  ani;l«!  of  00  before  breaking.  (5)  Of  cli|)s  ])uuclied 
in  jdates  at  a  cherry-red  heat  all  (  lips  l)ent  back  double,  while  the  result  of  tests 
made  on  plates  punched  at  a  red  heat  and  afterwards  annealed  was  e<iually  satisfac- 
tory. These  ex))eriments  show  very  <d(;arly  the  danger  of  forming  the  rail  fasten- 
ings on  a  sleeper  ])late  which  has  become  too  cold  b(d"ore  rea(  liiiig  the  punching 
iiuudiine,  and  the  al)s(diile  necessity  ol  jnim  lung  the  metal  w  hile  at  a  ^ood  red  heat. 

fJiveu  the  pio])er  temperature,  then;  arc;  two  methods  of  forming  the  rail  fasten- 
ing; III  the  first  the  cliiis  are  punched  at  once  to  their  proper  position,  while  in  tlu^ 
second  rlicy  are  puiudied  dec)icr  and  aftu-rwards  hrouuht  hack  to  ])idper  jiositioii  hy 
being  h.iiniufrecl  on  suitalily-sha peil  pieces  of  mdal  called  drifts,     I'he  former  is  the 
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cheaper,  but  lu  view  of  variations  in  puuclies,  dies,  teiiiperatTire,  etc.,  the  latter  is  the 
better.  On  leaving  the  press  the  sleeper  is  immediately  taken  to  the  punching, 
machine,  turned  on  its  back,  adjusted  to  position,  and  the  clips  punched  down  and 
either  drifted  or  not.    The  punches  may  be  cooled  by  water. 

Some  manufacturers  secure  accuracy  of  gauge  in  the  sleeper  l)y  making  distance 
marks  on  the  sleeper  plate  and  l^lowiug  steam  onto  it  until  these  marks  trammel 
correctly,  when  the  clips  are  at  once  formed :  or,  if  the  distance  marks  are  fonnd  to  be 
near  eacli  other,  the  temperature  of  the  plato  is  raised  and  the  gauging  again  tested. 
Others,  again,  judge  by  practice  the  proper  heat,  and  although  from  time  to  time, 
through  carelessness,  variations  of  gauge  may  occur,  with  proper  care  and  attention 
on  the  part  of  the  workmeu  the  gauge  is  surticiently  accurate  for  all  practical  pur- 
poses. About  three-sixteentlis  inch  total  variatiou  is  allowed  by  the  terms  of  the 
specitications.  but  the  author  has  uotilied  that  plate  layers  (track  men)  make  short 
work  of  ailjusting  a  sleeper  which  is  either  three-sixteenths  inch  too  wide  or  too 
narrow  to  gauge. 

The  following  suggestions  are  made  in  regard  to  the  manufacture:  (1)  Tlie  steel 
should  not  be  of  higher  tensile  strength  than  HO  tons  per  square  inch;  (2)  tensile 
tests  of  the  steel  should  be  made  as  often  as  possible,  this  test  being  the  best  guar- 
antee of  thf  after  behavior  of  the  plate  in  i)unching;  (3)  the  plates  sliould  be 
rolled  in  the  llat  form  111  jjrefereuce  to  the  trough;  (4)  Mhen  possible,  the  sleepers 
sliould  be  pressed  and  puiK  bed  immediately  on  leaving  the  rolls,  care  being  taken 
that  only  such  a  number  of  jdates  are  pressed  as  will  insure  the  last  being  at  good 
heat  after  leaving  the  punching  machine;  (.">)  the  sleepers  should  in  no  case  be 
dipi)ed  in  tar  at  sin  h  a  temperature  as  to  give  rise  to  thick,  y<  ll(»w  iuines  (6)  at 
least  2  per  cimt  of  the  rejected  sleepers  should  be  tested,  and  3  jicr  c<  iit  weighed 
separately  daily. 

In  this  country  till'  iiiaiiiiracturc  lias  not  yet  attained  nnieh  inipor- 
tapce  as  a  coninici  cial  industry.  The  JSchoen  Manufacturing-  Company 
lias  made  is.oon  of  tlie  Ne\y  York  Central  Kaihvay  ties.  The  Carne.cie 
Steel  Works  have  made  the  Standard  ties,  and  the  Lackawanna  Iron 
and  Steel  Company  has  nmde  the  Morrell  ties,  while  the  C.  W.  Hunt 
Company  has  a  lar«ie  busihess  in  track  for  industrial  railways,  and  the 
Daniels  Steel  Railway  Tie  Comi>any  is  rollin*;-  and  introducino'  street 
railway  ties.  Mr.  Charles  S.  Schoen.  in  Au<;ust,  18!)4,  wrote  me  as 
follows : 

The  published  price  of  $2.50  was  the  price  at  the  time  of  mainifucture.  We  could, 
however,  furnish  these  ties  in  quantities  at  the  present  price  of  steel  for  less  than  $2. 
We  have  not  made  any  excepting  the  18,000  for  the  New  York  Central,  the  ditter- 
<  nce  in  price  between  a  metal  tie  and  one  of  wood  being  so  great  that  we  did  not 
think  it  a  good  enterprise  from  a  commercial  standpoint.  The  price  of  metal,  how- 
ever, is  getting  so  low  that  there  may  be  a  future  for  metal-tie  business. 

CORROSION  AIS^D  PRESERVATIVE  TREATMENT. 

Rusting?  and  corrosion  usually  occur  only  in  very  damp  i)laces 
(especially  in  wet  tunnels)  and  in  soils  impreg-nated  with  salts  or  alka- 
line matter,  especially  if  the  soil  is  moist.  In  long  wet  tunnels  the 
corrosion  i?  probably  hastened  by  the  effects  of  the  acids  and  gases 
from  the  smoke  and  tlie  engine  cinders.  On  the  Gottliard  Railway 
(Switzerland)  the  wear  and  rusting  at  the  rail  seats  of  ties  in  long 
tunnels  necessitated  many  renewals  of  the  earlier  ties,  but  no  renewals 
of  those  laid  since  1887.    On  the  Elberfeld  division  of  tlie  Prussian 
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state  railways  wnodcii  tics  are  usrd  in  siicli  tiiiiiicls.  Tlic  allcuccl  coi 
i-nsi(»n  «»r  steel  ties  in  (lietracU  on  I  he  Mast  To.isi  l^iil\\a\  (India)  is 
said  to  lia\-e  |)rol)al>i\'  occuiicd  while  the  ties  were  slacked  on  the 
seaheaeh  wiiere  landed,  hnl  corrosion  in  sally  soil  lias  heeu  re|>ortei| 
from  the  Northwestern  IJ  iilw.iy  and  other  indian  railways,  as  well  as 
tVoin  l\u\\  |)l.  The  liuht  steel  lies  on  liic  r>ar(iiiiseineto  Railway  (  N'eiie- 
z;.ela  I  are  >aid  to  he  coriodiiiL:  ra;>idly,  w  hile  those  ol"  the  fJolivar 
K'aiU.a\  ar**  satisfactory.  The  i'.adeii  stale  railways  (( lerinany )  ha\-e 
Ik'cii  niakiuii- experiments  with  tar  and  paints  to  eliecdv  rnstin^  in  the 
tnnnels,  while  the  C'harleroi  local  railways  (liel'^inni)  re])ort  rem-wals 
necessitated  hy  rnst  after  se\-en  years'  service.  A  ^ood  deal  of  the 
tronble  in  this  direction  is  probably  dne  to  poor  material  oi'  poor  work 
in  the  i)resei'\  ative  process. 

Steel  lies  made  in  lln^iland  are  nsnally  coated  with  a  mixvnre  con 
sistinu  of  .">  parts  coal  tar  and  1  part  tar  oil,  whiidi  is  kei)t  in  a  boilini; 
condition  by  the  passa.ue  of  the  hot  plates  tlirongh  it,  the  plates  liav 
in^-  a  temperatnre  of  abont  ;30(P  F.  iNIr.  i>aiuber  states  that  it  is  very 
essential  that  the  ties  slionld  not  be  so  hot  at  the  time  of  dipping  as  to 
canse  the  solntion  to  give  off  thi(;k,  snfibe:iting  fumes,  as  the  eoating 
tbrnu'd  in  this  manner  tlies  otlf  almost  like  eoal  dust,  and  is  of  no  use 
in  j)rescr\  iiig  the  tie  from  rust.  The  plate  should  be  thoroughly  cleaned 
from  s<  ale  before  being  dipped,  and  the  work  should  be  carefully  and 
t  hoioni^hly  (hme. 

FORM    AND  DIMENSIONS. 

In  designing  or  selecting  a  tyj)e  of  tie  for  metal  track  ])artienlar 
attention  should  be  gi\  en  to  securing  a  form  which  can  be  easily  tami)e(l 
and  will  retain  the  ballast.  With  the  invert'Ml  trough  section  the 
diniculty  of  tamping  increases  with  the  depth  of  the  trough,  but  if  the 
trough  is  too  shallow  it  will  not  give  sufiticient  stability  to  the  track, 
f'or  such  ties  the  depth  shoidd  be  at  least  3.Hnch<^.s,  for  mai n -track  serv^- 
i(;e,  with  closed  and  (b'pressed  ends,  while  the  width  at  rail  seat  should 
be  at  least  4  in(dies.  If  the  tie  is  depressed  in  the  middle,  to  allow  for 
a  thick  covering  of  ballast,  it  must  be  sufticienlly  stitt  in  itself  aud 
sulhcieidly  w^ell  tam])e(l  to  ])reveut  it  from  bending  in  a  tendency  to 
become  straight,  thus  widening  the  gauge.  This  has  been  proved  ou 
the  Eastern  Railway  of  I'rance  and  other  roads.  Holt  holes  are  less 
likely  to  start  cracks  if  they  are  drilled  than  if  i)unehed,and  M.  Rricka, 
of  the  French  vState  railways,  finds  that  cracks  can  be  stoi)ped  by 
diilling  a  small  hole  at  the  end  of  the  crack,  no  further  develoi)ment 
of  the  crack  being  shown  alter  four  years'  service.  Each  tie  should 
be  complete  in  itself  and  independent  of  the  others,  so  as  to  facilitate 
renewals.  In  some  ])atterns  the  tie  can  oidy  be  slipped  on  at  the  end 
of  the  rail,  and  in  others  the  rail  must  be  tiltecl  up  before  its  base  can 
be  freed  from  the  li\e(|  clips,  but  both  of  these  |)laus  are  decidedly 
objectionable  for  ordiiniry  main  track.  The  gieatest  practicable  sim 
l)licity  is  desirable,  as  shopwork  is  expensive,  and  if  there  are  many 
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riveted  or  bolted  coiinectious  tliey  are  liable  to  become  loose,  making 
auoisy  track.  lu  designing  a  steel  tie,  two  questions  to  be  considered 
asofeqnal  importance  with  the  perfection  of  the  design,  are:  (1)  What 
r)rocesses  of  manufacture  will  the  carrying  out  of  the  design  involve; 
and,  (2)  will  such  processes  be  more  costly  than  the  value  of  any 
iDCculiar  features  of  the  design  will  warrant. 


This  is  a  very  important  consideration,  and  many  of  the  ties  men- 
tioned in  Part  1  have  been  showu  to  be  unsatisfactory  on  account  of 
their  lightness,  although  the  design  was  otherwise  satisfactory.  It  is 
most  unwise  to  cut  down  metal  merely  In  order  to  reduce  the  first  cost 
of  the  tie  to  about  the  same  as  that  of  a  wooden  tie,  as  in  this  way  the 
former  may  easily  be  far  more  expensive  in  maintenance  and  renewals 
than  the  woodeu  tie.  It  is  a.  matter  of  proper  design.  The  tie  nuist 
ha\  e  a  certaiu  thickness  and  weight  tn  stand  wear  and  shocks  and  to 
afford  sullicient  stal)ility,  but  beyond  a  certain  point  any  addition  of 
metal  is  an  unnecessary  expense,  and  represents  money  lying  useless 
in  the  track.  The  following  remarks  as  to  weight  were  made  by  Mr. 
Fernow  in  liulletin  No.  1  of  tlie  Forestry  Division.  1SS7,  andtlic  accom- 
panying table  of  weights  was  also  given  l)y  him: 

As  stated  lirtore,  the  lirst  iron  sleepers  were  not  siK-ccssful,  on  jucoiinl  nl  ihcir 
light  weight  :iuil  conse(|Uentl y  retluced  section.  Those  introduced  in  France  and 
d'erniany  in  ISiJl  were  only  <)6  pounds.  The  fastenings  had  not  hold  enough  and 
breaking  was  tre(|uent  where  tin*  rails  reste«l  on  the  ties;  there  was  also  danger  con- 
nected with  them  on  acc(Uint  of  unsteadiness  and  increased  lateral  niovenieut.  The 
results  were  d lie  to  the  following  causes:  (1)  the  holes  of  thi'  fastenings  reduced  the 
cross  section ;  (2)  the  punching  of  the  holes  made  the  nu  tal  around  1  hem  more  or  less 
brittle;  (S)  iu  time  the  foot  of  the  rail  and  fastening  would  eat  into  the  top  of  the 
ti«';  (4)  with  ii  rat  ional  tamping  of  the  ballast  the  nuMuentum  of  reacti(Hi  of  a  ballast 
is  a  maximum  at  the  cross  section,  where  the  wheel  load  isapidied;  (5)  the  impulse 
of  the  moving  load  is  transferred  directly  to  the  tie  at  these  i)laces. 

Increase  of  weightgives  more  stability  to  superstructure.  Metal  cross-ties  weigh- 
ing 100  ]M)unds  have  proved  (|uite  satisfactory.  Those  of  less  weight,  77  to  88 
pounds,  proved  too  light.  The  State  Railway  of  Wurtemberg  uses  ties  of  128 
pounds,  but  the  majority  of  (German  and  Dutch  engineers  consider  112  pounds  fully 
sullicient  to  maintain  a  perfectly  steaily  and  permanent  road.  The  following  table, 
giving  the  weights  and  prices  used  by  the  dififerent  German  roads,  maybe  of  interest: 


WEIGHT. 


Weiglit 
of  tie. 


Average 

price 
per  ton 
of  luotal. 


Average 

price 
jjer  tie. 


Pounds. 


Imperial  Railway  in  Alsace-Lorraine  

Bergisch-Markisch.  old  Vautlierin  pattern 

Same,  new  Uilf  pattern  lor  main  lines  

Same,  for  branch  lines  

Links-Kheiniseh  Raihvay.old  pattern  

Same,  new  pattern  

Recl]ts-Klieini.scli  Railway  

Prussian  State  line.s,  various  

M;ii:flt-bur<r  section  

Jl.chte  Oder  Uter  

Ilissi.sch-Ludwijis  

Alt(ina-Kill   

Wurtemberg  State  lines  


120.5 
12(3.  5 

98 

88 

77 

no 

106.  5 
114.  .5 
120 
101 
98 
101 
130 


.$31.  68 
:!0. 96 
;w.  96 
:J0.  96 
34.  48 
34.48 
30.  70 
34.48 
36.  77 
42.  08 
31.68 


37. 00 


$1.79 
1.75 
1.35 
1.22 
1.19 
1.70 
1.46 
1.77 
1.97 
1.90 
1.38 
1.60 
2. 14 
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1  AS  ri:MN(;s. 

cl;!!!!]).-^  of  some  loi  iii  oT  MiioilitT  uic  I >y  fill-  the  most  ucncrallN 
used  ->i  \  Ics  oi  rast('iiiiii;s.  ;iii(l  the  holts  arc  iiMiall\  Ncrl  lea  I ,  |  kissi  ii  i: 
llir(»iiuli  the  lie.  'I'lic  lies  ol"  I  New  Vorlv  ('ciitral  IJailway.  how  <'\»'i'. 
lia\('  hciil  hohs.  wilh  the  shanks  uichiicd  awa.\  iVoiii  the  laiL  and  the 
Sian(hii(l  ami  I*ric('  lies  lia\('  <'himi)s  lichi  toucllici-  hy  hori/.oiilal 
l)olts  iimlci'  ihc  laih  The  llaarmaiiii  comhi nal ion  ol  hooked  lie  |>lat(' 
and  holicd  clamp  |)i-o\'cs  vcr_\' critH'tiVc.  ( PI.  li)  and  icdnccs  the  n>nal 
numl»cr  of  Itolls  hy  hall.  'I'his  rast(Miin«2^  is  in  us(»  on  ahont  oho  mdcs 
of  Hack.  Tlie  plalc  has  an  inchned  rail  seat  to  i;i\(^  inward  im  li 
nation  or  can!  of  the  raih  whicli  is  usual  in  ljur()[>e;in  prac^tii'c,  to  lit 
the  conical  tread  ol  the  wheels.  'I'lie  oiitcr  end  ol"  the  platc^,  lias  a  Ini; 
on  top  t  >  hold  tiie  onlei  side  of  the  rail  llan^'e,  and  also  a  ln,i;'  on  the 
lower  Side,  w  hicli  tak<'s  hold  of  the  tie.  On  the  inner  .side  is  a  .slotted 
hole,  into  which  the  rail  elain})  lit.s,  the  clamp  being'  secured  by  a 
T-headed  1)  It.  As  there  is  no  bolt  on  the  outside  of  the  rail,  the  bal- 
last ina,\  l»e  idled  in  to  the  rail  head  if  desired,  thus  gettiuii;  additional 
resistance  (o  lateral  luotion.  Oil  the  German  railways  it  is  the  ])rac- 
tice  to  widen  the  i»auiie  on  curves  of  over  6°,  and  with  this  construc- 
tion (d"  track  the  widening  is  effected  by  the  use  of  four  sizes  of  plates 
and  cla!n])s,  giving  eight  different  gauges,  from  4  feet  8.]  inches  to  4 
feet  1>{  i indies.  An  objection  to  this,  of  course,  is  the  complication  of 
parts,  but  this  objection  is  not  so  great  as  it  might  seem  at  tirst 
(especiall)  under  Euroiiean  conditions  of  track,  work  and  labor),  owing 
to  the  \  ('r,\  miK^h  greater  [lerniaiience  of  the  parts  and  the  great  reduc- 
tion in  maintenance  with  the  metal  track.  The  Ileindl  system  also 
employs  ,i  combination  of  tie-plate  and  bolted  clamp,  more  complicated 
tliaii  that  of  the  Ilaarmann  system,  but  Mr.  Ast,  of  the  Emperor  Fer- 
dinand's Northern  llailway  (Austria),  attributes  the  i)erfect  security  of 
the  fastenings  to  the  use  of  a  tie-plate  prevented  from  motion  on  the 
tie,  thus  avoiding  tin;  direct  thrust  of  the  rail  flange  iii)on  the  outer 
fastenings  or  upon  the  tie-itself,  while  the  plate  also  serves  to  distrib- 
ute the  effects  of  shoidcs  ut)on  the  rail  head.  In  some  patented  forms 
of  ties  the  rails  rest  ui)on  hinged  or  wedge  claiii])s,  so  arranged  that 
the  weight  of  trains  will  cause  the  clamps  to  press  down  upon  and  grip 
the  top  of  tin'  rail  llange.  8u(di  fastenings,  however,  have  little  prom- 
ise of  practic  al  result,  owning  to  the  wear  u[>on  the  rail  and  the  tasten- 
mgs  and  to  the  fact  that  the  rail  must  he  depressed  before  it  is  tightly 
held  and  w  ill  rise  w  hen  the  weight  is  removed,  thus  mak ing  a  clatter- 
ing tra(  k.  The  parts  also  are  Iiai)le  to  rust  together  and  become  inoj)- 
erative.  N'anous  suggested  forms  of  iastenings  are  relerred  to  in  the 
notes  on  American  ties  and  in  the  list  ol'  patents  h)rini ng  .V pitendix 
Xo.  2. 

The  style  of  fastening  should  be  as  simple  as  ])ossible,  allow  ing  for 
adinstmeiit  on  eacdi  tie.    The  l.iper  iceys  n>e(l  tor  the  Kendel  tics  have 
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the  euds  soiiietiaies  split,  so  that  after  being-  driven  the  eud  can  be 
opened  out  with  a  chisel  to  prevent  the  key  from  working  loose;  but  as 
a  rule  this  is  not  found  to  be  necessary,  and  in  fact  the  splitting  of 
the  ends  is  now  very  largely  omitted,  thus  reducing  the  cost  of  manu- 
facture. The  keys  have  a  taper  of  about  1  in  (U.  On  the  Indian  ties 
the  space  between  the  edges  of  the  jaws  is  less  than  the  width  of  tlie 
rail  Hange,  and  it  is  therefore  necessary  to  tilt  the  rail  to  put  it  into 
place.  This  has  the  disadvantage  of  preventing  the  removal  of  one 
tie  independently  of  the  rest  in  a  length  of  rail,  as,  in  order  to  remove 
one,  the  two  rails  must  be  uncoupled  and  taken  off.  On  ihe  other 
hand,  the  rail  can  not  get  off  the  tie  should  the  keys  become  displaced. 
On  the  C'abry  tie.  of  the  sanie  type,  used  by  the  Northeastern  Rail- 
way, England,  the  ties  can  only  be  keyed  on  the  insule,  and  therefore 
•  the  gauge  can  not  be  widened  except  by  the  use  of  special  ties.  The  rail 
is  placed  in  i)osition  by  tilting  it  and  passing  one  side  of  the  flange 
under  the  inner  or  longer  clip,  sutticient  space  being  left  for  the  outside 
of  the  Hange  to  clear  the  shorter  clip.  It  is  then  dropped  onto  the  rail 
seat  and  slid  back  under  the  shorter  clip,  and  the  steel  taper  key  is 
inserted  between  the  rail  flange  and  the  longer  clip.  The  flange  is 
overla]>i)ed  by  both  clips,  and  the  rail  can  not  be  forced  out  of  position, 
even  should  the  keys  be  displaced. 

Ti  ials  are  to  be  made  in  India  with  steel  ties  whose  lugs  are  farther 
apart  than  the  width  of  rail  base,  a  distance  piece  being  inserted 
between  the  r.iil  ami  inner  lug  before  the  key  is  driven  on  the  outside, 
and  this  ai  rangeme'it  will  aduiit  of  much  closer  adiustment  of  gauge 
on  curves,  etc. 

The  points  lor  consiiicration  in  l';i.steiiiii';s  are: 

(1)  liy  the  insertion  of  a  plate  l)et\veeii  the  hard  rail  loot  and  the  softer  tie,  tlie 
latter  would  be  saved  and  its  natural  strai^^htn-.-ss  preserved,  avoiding  injuries  in 
tbc8ha]iin!f  I>v  rolls,  in  bendiui;,  or  otherwise. 

(2)  A  rational  and  direct  transiuissiou  of  tho  attackin*^  forces  from  the  rail  to  the 
tie  should  be  etfected. 

(.3)  The  fasteuiu;;s  must  be  su<  h  as  to  keep  the  j;age  constant  on  the  curves  as 
well  as  on  the  straight  road,  and  to  permit  the  elimination  of  unavoidable  faults 
occurring  in  fabrication, 

(4)  To  allow  shimming  up,  where  the  action  of  frost  makes  it  necessary. 

The  forces  which  work  upon  the  fastenings  are: 

(1)  The  horizontal  forces  tending  to  press  the  rail  foot  outward. 

(2)  The  vertical  forces  tending  to  raise  the  inner  e<lge  of  the  rail  foot. 

To  counteract  these  forces,  it  is  necessary,  with  bolt  fastenings,  to  protect  the  bolt 
m  its  entire  length  against  side  forces  tending  to  bend  it  or  wear  it  away.  To  effect 
this  the  bolt  must  be  placed  as  near  the  rail  foot  as  possible,  so  as  to  reduce  the 
leverage  of  the  vertical  force  as  much  as  possible.  Small  number  of  parts  and  a 
simple  form  are  most  desirable.  The  nature  and  good  service  of  the  fastenings 
has  also  great  bearing  upon  the  cost  of  keeping  the  road  in  order. — (li.  E.  Fenioir. 
Forestry  Divi>sion,  BuUetm  So.  1,  1887.) 
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l'!\ln'i-i('iic('  lias  show  II  llial  imMal  lies  ii'ivc  Ix'ttcr  loiilt^  wiicii  iis<'(l 
with  T  rails  icstinL^  diicctly  iipoii  Ihc  lie  nr  itpnii  a  thin  tic  nlalc  or 
l)a>*'i»laU'  than  when  ii--('<l  willi  (Idiihlc  headed  rails  !-e>i  iiiL'  in  chairs 
attached  lo  the  lie.  This  laltei'  is  esix-cially  the  case  when  the  ordi 
nary  lair(»|>ean  si  \  le  of  cast  iron  (diair  is  used  and  hoi  led  to  I  h(>  t  ie.  as 
the  heiuhl  ol'  I  he  rail  above  the  tie  causes  a  le\'era.i4<'  on  I  he  (diair  holts 
winch  leads  to  loosen i iiii'  ol'  the  bolls  and  cai'liiL;  of  the  Ixdt  holes. 
The  \\  ('Stern  Ivailway  of  I'rance.  howcNcr,  reports  satislactory  resnlts 
witli  (diairs  cast  upon  the  tie.  and  Mr.  r>ri(dva.  (diud'  engineer  of  the 
I-'reindi  State  IJailwa\  s.  considers  t  hat  ties  earryiiii;'  the  rails  in  east  iron 
idiairs  w  ill  iia\'e  a  iii'oater  len^tli  of  life.  Where  T  rails  are  used  they 
are  most  ,!^enerall\"  laid  directly  ujxni  the  tie,  and  with  success.  l)ut  in 
sonu'  systems  ot  traidv  a  metal  i)late  is  i)laee(l  between  the  rail  and  tie 
so  as  to  prevent  wear  and  to  distribute  the  load.  .Vmong-  su(di  systems 
may  be  mentioned  the  llaarinann  (Germany)  and  the  Heiudl  (Austria), 
the  t'oriner  of  whicdi  i^ives  a  very  simple  and  effeetive  fastenin,i>-.  The 
Xetherlands  state  railways  (Holland)  and  ]N"ormant()n  and  Croydon 
liailw  ay  (Queensland)  have  also  tried  the  use  of  plates.  Opeii-top 
trou^^h  ties,  with  a  block  of  wood  or  other  nonmetallic  material  under 
ea(di  rail,  have  been  tried,  but  are  in  a  very  decided  minority.  {See 
also  the  para,urapli  on  metal  contact.) 

ADJUSTMENT  OF  GAUGE. 

In  view  of  the  use  of  metal  ties  on  curves,  it  is  desirable  to  have  some 
means  of  widenin^i'  the  gauge  of  track,  aud  this  is  best  effected  by  the 
rail  fastenings.  In  German  practice  this  seems  to  be  carried  to  an 
unnecessary  refinement,  as  in  the  Haarmanu  system,  which  employs 
tour  sizes  of  tie  i)lates  and  clamps,  giving  eight  different  gauges,  from  4 
feet  S.i;  in(dies  to  4  feet  9j  inches.  The  Baden  state  railways,  however, 
have  an  even  greater  number  of  variations,  effected  by  square  washers 
on  the  bolts  (which  washers  bear  against  the  rail  flanges) ;  these  washers 
have  the  bolt  hole  eccentrically  |)laced,  with  a  different  width  in  each 
side,  and  varying  the  [)ositioirs  of  the  four  washers  of  ea(di  tie  gives  no 
less  than  twenty  different  gauges,  \  aryiiig  by  1  millimeter  (0. Of  inch) 
eacdi.  It  would  seem  to  be  almost  impossible  to  carry  this  out  in  full, 
and  t he  arrangeiiHMit  necessitates  a  candul  planning  of  the  positions  of  , 
the  washers  and  still  more  careful  work  in  tra(  1;  laying.  The  latter  can 
only  be  carried  out  by  skilled  men,  but  such  extreme  lineness  of  detail 
(going  beyond  i)ractical  reijuirements)  is  characteristic  of  German 
])ractice.  ICven  if  desirable  in  itself,  such  a  systetn  could  not  be  carried 
out  in  this  country,  but  as  a  matter  of  fact  it  is  too  complicated  to  be 
desirable  and  serves  no  uscd'ul  |»ur])ose.  As  tlie  gauge  is  fixed  by  the 
washers,  any  wear  or  unevenuess  of  tln^  washers  or  any  slight  wear  or 
7!)o7— No.  \)  IJ 
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irregularity  of  the  rail  Haoge,  will  at  once  destroy  the  tlieoretieallj^  nice 
adjustment  of  gauge.  With  the  Reiidel  steel  ties,  as  used  iu  ludia,  the 
adjustment  may  be  effected  by  placiug  one  or  both  keys  on  the  inside 
of  the  rail,  or  by  placing  a  distance  piece  between  the  inner  lug  and 
the  edge  of  the  rail.  The  actual  width  of  gauge  should  be  determined 
always  and  only  by  measurement  between  the  rail  heads,  and  a  very 
simple  and  effective  means  of  adjustment  is  afforded  by  the  bolted 
clamp  fastening  of  the  Xew  York  Central  Kailway  steel  ties  (PI.  !)• 
On  slackening  the  nuts  the  rail  can  be  shifted  to  the  proper  position 
shown  by  the  track  gauge;  the  clamp  is  then  shifted  (having  a  slotted 
hole)  to  bear  ni)()n  and  against  the  rail  flange,  and  the  nut  screwed 
home  again.  Owing  to  the  Avcdge  shape  of  the  clamp  it  can  not  be 
forced  outward  by  the  tln  ust  ol'  tlie  rail,  as  might  be  the  case  with  a 
vertical  bolt  and  a  slotted  clamp  with  Hat  top.  This  arrangement  has 
also  been  ai)plie(l  by  ]Mr.  Ivatte,  the  chief  engineer,  to  wooden  ties, 
using  screw  spikes  driven  at  an  angle.  Thegaugecau  thus  be  adjusted 
by  merely  slackening  the  spike  snificiently  to  abow  ol'  moving  tlie  rail 
and  clamp,  and  then  screwing  it  tight  again. 

METAJL  CO^^TACT. 

A  eoinmon  objection  urged  against  the  simplest  form  of  metal  track 
witli  T  rails  resting  directly  njjon  cross  ties,  is  that  the  rail  base  will 
wear  into  tlie  tie,  bnt  as  a  matter  of  fact  this  is  not  often  found  to  be 
the  case,  esi)eeially  where  strong  and  ellicient  attachments  are  used  to 
fasten  the  rail  to  the  tie.  This,  however,  may  be  avoided  by  the  use 
of  metal  tie  plates,  as  noticed  under  the  heading  of  "Fastenings.'^ 
Another  objection  urged  is  that  metal  contact  will  cause  considerable 
noise  and  rattling,  which  will  be  un[)leasant  to  passengers.  Kattling 
can  not  occur  if  the  fastenings  are  tiglii,  and  there  is  little  to  fear  from 
any  other  noise,  since  the  l)allast  will  usually  absorb  the  vibrations. 
Several  rei)orts  in  Part  i  state  that  there  is  no  difference  between  the 
noise  of  trains  riding  over  metal  ties  and  those  over  wooden  ties;  or 
that  the  difference  is  so  slight  as  to  be  inappreciable,  or  at  any  rate  not 
to  outweigh  the  advantages  of  these  ties.  On  the  Baden  state  railways 
(Oermany)  the  rattling  noise  ceases  as  soon  as  the  ties  have  become 
lirmly  bedded  in  the  ballast.  In  India  several  arrangements  of  cash 
ions  or  bearing  blocks  have  been  used,  but  generally  abandoned,  and 
the  Great  Iiulian  Peninsular  Railway  reports  that  such  blocks  caused 
corrosion  and  pitting  of  the  rail  (double-headed  section)  to  such  an 
extent  that  the  lower  head  could  not  be  used  for  running,  and  the  ties 
now  made  have  a  direct  bearing  of  the  rail  upon  the  cast-iron  bowl. 
The  Indian  Midland  Railway,  however,  uses  felt  cushions  under  the 
rads.  Rearing  blocks  of  wood  and  vulcanite  are  used  in  this  country 
with  the  Standard,  Morrell,  and  Price  ties. 
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III  I  hi>  (••niiH'ct  ion  it  iiiiiy  lie  iiotiMl  tli;i(  on  (lie  l"-;i>l('rn   L'ailv.ny  of 
I'laiicc  >li('ct  s  of  tnricil  Icll  :iic  laid  liclwccn  ilic  lails  and  cf.'osolcd 
pine  I  if>.  w  liilc  man  v  lairo|>('aii  l  a i I w  ays  iix-  Tell  ^liccts  under  t  lie  casl 
lion  chairs  lor  doiildc  iicad  rails. 

(  AM)  <)im:x  i<:ni)s. 

Il  IS  liardl\  lu'cc'ssary  lo  a^aiii  point  out  tlial  steel  H'oiiuli  ties  must 
lia\t'  ehe-i'd  ends  or  other  means  lor  a iTord i iii;'  resisi a i ice  to  latera' 
iiiotioii  III  tile  l)alla->t.  'I'lic  Webb  ( l'iii<ilisli )  t  ies  on  the  reiiiis\  I  vai,<a 
Kadway  ha\  t'  iiad  to  be  liehl  in  Hue  by  timbers  placed  bet\ve(;n  Mie 
ends  ol  tliesteel  lies  and  t  he  ends  of  the  wooden  ties  of  the  pM-abel 
traelx.  and  on  the  Western  Railway  of  l-'ranee  it  was  Ibiind  lecessary 
to  (dose  the  ends  (►!  tlie  eliannel  iron  ties  by  riveted  erosspieces.  J)ia- 
l)lira^ins  ri\-et(.'d  insi(b'  the  trou^li  at  isomc  distauee  li'om  tlio  endsliave 
also  been  tried,  while  in  t  wo  open-t<>p  trough  ties  iu  use  ill  tins  country 
a  portion  of  the  bottom  is  cut  away  and  bent  down  (^foncdl  tie),  or  up 
into  the  tiou,i;h  (Stainbird  tie).  With  tlie  J)aiiiels  corrugated  phite  tie 
there  is  a  [)atent  ••aindior"  tbi-  use  on  curves,  consisting  ol'  a  curved 
piece  of  corrugated  metal  attached  to  the  tie  at  the  rail  seat  aud  pro- 
Jt'cting  down  into  the  ballast.  Such  special  appliances,  however,  are 
not  desii  al)le,  as  already  pointed  out.  In  Europe  the  end  of  the  tie  is 
usually  bent  down  below  the  bottom  and  tlared  out  to  extra  Avidth, 
while  the  whole  end  portions  of  the  tie,  outside  the  rail  seats,  are 
tre(piently  l>eiit  downward  Ixdow  tlie  body  of  the  tie. 

SPACING  OF  TIES. 

ill  this  country  the  i)ro[)er  spacing  of  ties,  viz,  closer  at  the  joints 
than  at  the  middle  ol  the  rail,  is  not  so  generally  observed  as  in 
J'lurope,  and  wooden  ties  are  much  more  closely  spaced  here  than  in 
Kurope.  On  the  New  York  Central  llailway  different  arrangements 
iiave  l)een  tried  witli  the  steel  ties,  and  the  best  results  are  said  to  be 
ol)tained  with  a  unilorm  spacing  of  25yj  inches,  which  seems,  howe\  er, 
to  be  nnneeessai  ily  (dose  tor  intermediate  ties  under  heavy  rails.  In 
l^urope  a  connnon  puactice  is  to  space  the  joint  ties  21  to  2-4  inches, 
center  to  center,  the  next  two  or  three  ties  24  to  50  inches,  and  the 
others  .'l.'i  to  3!)  inci"3s,  center  to  center. 

EFFICIENCY  AND  DUMABIEITY. 

(■arelul  consideration  ot  the  statements  and  lecords  in  l*art  i  lea\('s 
ho  room  loi  doubt  a.s  to  the  efficiency  of  metal  ties  in  making  a  good, 
siuootli^  safe,  i)ermanent,  «ind  economical  tra(dv,  ])rovided,  of  course,  that 
\\  suitable  system  ot  tie  and  tastening  is  used.  Mr.  I3ricka,  engineer  in 
cluef  of  the  state  railways  ot  France,  in  an  address  at  the  International 
Railway  Congress,  1892,  pointed  out  that  the  differences  of  opinion 
between  engineers  as  to  tlie  (question  of  metal  ties  must  not  be  ignored. 
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There  are  strou.u  partisaus  and  deteriiiiiied  oppoiieuts.  Dot  iiioludiiig 
those  who  are  iiitliieiiced  by  i)rejudioe  witliout  having  made  a  careful 
study  of  the  matter,  autl  between  the  statements  of  one  and  the  othei 
it  is  ditiicult  at  lirst  to  see  the  truth.  3Iere  attirmative  or  ne<;ative 
statements  are  not  enough,  and  between  tlie  varying  results  presented 
by  both  sides  the  only  way  of  arriving  at  the  truth  is  to  seek  tlioroughly 
for  the  causes  which  have  led  to  su(;cess  m  one  case  and  to  failure  in 
the  other.  Taking  the  question  of  durabdity,  it  seems  to  be  established, 
even  by  very  unfavorable  experience,  that  the  metal  ties  should  carry 
a  traffic  of  atleast  1.jO,00()  to  200,000  trains;  a  minimum  number  which 
Mr.  Bricka  thought  could  be  far  exceeded,  especially  for  ties  having  the 
rails  carried  in  cast-iron  chairs.  That  number  represents,  for  lines 
having  not  more  than  5,000  trains  per  year,  a  life  of  thirty  to  forty  years ; 
while  for  lines  on  which  the  number  of  trains  reaches  30,000  per  year, 
the  life  will  be  only  from  live  to  seven  years.  Eailways  with  such  a 
number  of  trains,  however,  are  very  excc})tional.  the  majority  (especially 
ill  France)  carrying  a  traflic  of  not  more  than  ."3,000  trains  on  single 
track,  or  10.000  on  double  track.  The  estimate,  therefore,  is  very  reas- 
suring for  lines  of  the  latter  class.  The  consideration  of  the  traffic  and 
of  the  details  of  manufacture,  already  noted,  are  sufficient  to  explain 
the  widely  ditlerent  oj>inions  held  by  engineers  res])ecting  the  use  of 
metal  ties.  Such  ties,  of  the  most  suitable  material  and  best  (piality, 
l)roperly  manufactured.  ])uiiched  with  care  and  of  suitable  dimensions, 
are  easy  and  economical  in  maintenance,  and  >li(nild  lia\  e  a  very  long 
life  in  tracks  with  light  or  moderate  traffic.  On  lines  with  heavy  traffic 
it  is  i)robable  that  with  a  good  type  of  tie.  well  manufactured  and  care- 
fully punched,  the  life  of  the  ties  may  be  prolonged  beyond  the  figure 
of  1-'0(MK)0  trains,  though  in  exceptional  cases  this  lile  may  correspond 
to  a  less  number  of  years  than  that  estimated  for  wooden  ties.  As 
alrea<l\'  n(tted.  however,  lines  with  such  exceptionalh'  heavy  traffic 
represent  but  a  small  tiaction  of  the  total  railway  mileage.  It  may  be 
said,  therefore,  that  neither sjiecial  merits  nor  demerits  can  be  sweepingly 
attributed  to  metal  ties.  In  each  case  where  the  application  of  metal 
track  is  considered  to  be  justifiable,  it  is  necessary  to  consider  the 
advantages  which  the  ties  present,  estimating  their  life  by  the  number 
of  trains  and  average  tonnage,  and  not  by  the  number  of  years.  It  is 
necessary  also  to  have  careful  inspection  of  the  manufacture,  and,  in 
case  of  failures,  to  seek  the  causes  in  the  facts  that  can  be  observed, 
and  not  to  deduce  them  from  preconceived  ideas,  and  to  attribute  to  the 
system  itself  the  consequences  of  faults  committed  by  those  who  use  it. 
To  enable  any  practical  deductions  to  be  drawn  as  to  the  life  of  ties, 
it  is  absolutely  necessary  to  have  details  of  the  soil,  climate,  and  atmos- 
pheric conditions,  curves,  grades,  and  the  number,  weight,  and  speed 
of  trains. 

The  life  of  iron  ties  has  been  variously  estimated  by  those  in  favor  of  the  system 
at  from  thirty  to  tifty  years;  oppoueuts  place  it  at  not  more  than  twenty  years,  or 
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the  sniiu' that  ol  tlic  Im-nI   wool  This  l.isi  .-.i  i  in.i  ( .•       Imu  rvci .  (Ii->|ii<.\ cil 

by  till'  liion'  than  t  \vi'i\t>  \  cais'  ex  |m'1  icmc  wiil^  loi  i  -  i  I  iid  i  1  lirson  tin-  I  ;riiii>\v  ick 
railways.  'IMu'Si*  Wfir  hml  m  lS(i  | .  .hkI  in  Isnl'.  on  llnnonuli  i  iis|..(t  ion.  wen-  Imind 
lint  slightly  alVcitrd  1)\  in>t.     !n  l.icl.  iion   I  u-s  snH<T  iVoni  ;il  niosp|nTic  inllii- 

cnrf.s  t  li.in  w  oodcn  ones. 

on  (In-  I'.cr-isi  h-M.-irkisch  liin-s.  ,i  ti  cr  l).'i  n  u  laid  loi-  ci-lii  \  ra  rs  i  n  a  l>;nl  ly 
drann-d  l.alla^I.  w  .1.'  Ion  ml  to  l.c  init  nioic  ailrcti'd  l)y  fust  t  lia  n  I  In  ra  1  !>.  Mr.  K.allT, 
at  t  In'  «  ()n\  rnl  n>n  in  I  Irnssr  Is.  .st  a  I  cd  I  liat  metal  sleepers  la  id  down  twenty  yeai  s  a^ct 
Were  tonnd  in  perteet  eondit  ion.  <»nl\-.  !'or  ties  kept  in  reser\e  ))\  (he  side  of  t  li« 
line  <n  111  damp  (  nnmds  ami  similar  loea  1 1 1  ies.  <  ir  i  I'  (  ransport  ed  o\  er  (  he  sea.  a  coat 
ot  tar  or  ]iaint  iniLihl  'h'  loiind  a  1\  isalde. 

NN'itli  (he  l)etlei  rorm  and  liea\  ier  sections  now  used,  (ht'  hi'eakiiiu,-  (d"  a  tie  is  sr) 
uniisnal  as  not  seirsiid\  to  atleet  the  annual  (diar^-e.  \\'ha((>ver  the  cause,  siccd  rails 
and  t  M's  nnd(nil)'edl\  rust  much  taster  than  those  made  of  iron. 

Mr.  r.  11.  1  >iidleN-.  r.  i:..  an  expert  on  railway  matters,  says:  ".^o  far  as  atmos- 
|)luTH'  a.uiMicies  are  conccnu' 1.  the  (Jcrman  expenoiiee  would  he  a  yood  <;iii(le  heic 
rhr  nxidat ion  ot  rails  at  least  shows  in  most  localities  no  greater  rapidity  than  in 
(Jonnany .  I'ailure  m  thi>  eountry  ot"  metal  ties,  as  far  as  1  ha \-e  seen  them  iisc<l, 
was  dm-  to  then  (i>iiii  not  nieetiiii;  t  he  ooiKlitioiis  re(|iiire<l  of  a  iin^tal  tic.'' — (fi.  E. 
FerHoic,  ISS7.) 

IXIM  K\(  i:  ox  IIOI.T.TNG  STOCK  AlS[r>  KAILS. 

Tlic  reports  made  to  ( lie  I  iitcnuU  ioual  lv*;iihva\'  ('()ii<;i'i',s,-;  .show  tlic 
('fleet  oil  wear  ot  rolliii*;-  stock  is  iiiai)i)re('iable,  ))iit  soiiietiiiies  is  lavor- 
al)le,  ill  tliat  it  sli^iitly  vediiees  tlie  wear,  o\vin,i;' to  the  sniootlior  ridinu' 
ot  the  trains,  hi  tlie  quotation  given  below  it  is  stated  tliat  metal 
ties  do  not  IxMid,  Imt,  as  a  matter  of  fact,  if  the  ties  are  not  stiff 
enoniih  the  ends.  l)eyond  the  rail  seats,  will  bend  up,  as  in  the  South 
Anstraha  trials.  It  is  most  i)robable  tiiat  tlie  wear  of  roll  in  <i- stock 
and  rails  is  ])raetieally  unat'feeted  by  the  introduction  of  steel  ties. 
The  follow  iiiin  is  an  extract  from  a  statement  by  ^Fr.  ]>.  10.  Fernow, 
piibiislK-d  ill  Bulletin  No.  1  of  tlie  Forestry  Division  of  the  II.  S.  I)ei)art- 
meiit  of  A<:^riculture,  1SS7 : 

The  ellect  of  the  material  of  the  tie  on  the  rolliiiLi  sttxdv  is  dil'lienlt  to  asc(!rt ain, 
and  not  much  is  know  n  ahont  the  iniliiencii  of  metal  ties,  lint  i t  may  he  noted 
that  on  the  (.eniiaii  railways  in  lss:{  the  iiumher  of  tire  hi-eakau'es  ])ov  100  miles  of 
line  w  ith  wooden  ties,  metal  cross-ties,  and  metal  loiii^itiidiiial  ties,  were  respec- 
tively as  7.2.")  to  r).i)()  to  2.74;  showiii;;  the  a(l\  aiitai;-e  of  tlu'  lontr-tie  system,  by 
w  Iik  Ii  the  shock  .ii  rail  Joints  especially  is  diminished.  The  wciL^ht  of  the  entire 
snpeistrnct  111 «'  in  itscdl  "and  the  _i;ood  tampliii;  of  the  'oallast  condnee  t()  its  (jiiiet 
liosition.  and  sci  \-e  to  lessen  the  loss  in  rolling-  sto(  k  and  the  cost  ol"  ma  i  ii  i  eiia  nee. 

Mr.  ('.  1'.  Sandheig.  tin-  well-known  expert  on  rails,  says: 

"It  is  a  f^reat  mistake  to  diminish  the  rail  section  in  consfHiiKMice  of  the  adoption 
of  metal  tnvs.  a>  has  heen  done  on  some  railways,  for  the  metal  in  the  tie  can  in  no 
sense  niak«'  up  for  the  metal  in  tin-  rail.  I'he  stioiig  rail  has  the  power  of  spreadini;- 
the  etlect  ot  ( ho  (••.ncnssions  I l  om  t he  rolling  stock  over  se\ cral  iieighhoriiio- sleep- 
ers, thus  dividing  the  elle(  t.  while  the  light,  weak'  rail  will  concentrate  the  blows 
on  one  or  two  tl»!S.  The  hea\ >  llanue  rail  also  is  a  sine  (jua  non  t"or  the  sneeess  of  a 
metallic  permanent  way.  if  by  '  i>ermaiiency '  l>e  meant  anything  ap]»roaching 
thirty  years  or  more." 

Ill  the  Revue  Gem-rale  des  Chemins  de  I'er.  .\pril.  ISSfi^  p.  2G0,  a  comparative  tal)lo 
18  given,  showing  the  respective  dnrahilit  \  of  rails  on  ordinary  roads  with  wooden 


182 


USE  OF  METAL  EAILROAD  TIES. 


cross-ties,  and  roads  on  metal  ties  with  the  Vantlieriii  and  tlu'  Kobeiieoger  system 
(longitudinals  32  feet  long  with  one  cross-tie  to  eacli  leugtli),  and  the  Hilf  system 
(longitudinals  of  244  and  29A  feet  length  with  one  cross-tie  to  eacli  length). 

The  comparative  results  show:  (1)  That  with  the  Vautherin  system  the  wear  is 
three  times  as  much  as  with  good  M'ooden  ties;  (2)  with  the  Hohenegger  system  the 
wear  is  four  times  as  rapid;  and  (3)  with  the  Hilf  system  it  is  four  to  live  times  as 
rapid  as  with  wooden  ties. 

Metal  ties  do  not  bend  visibly  like  those  of  wood,  but  de^^cend  evenly,  and  the 
leverage  of  the  momentum  of  deflection  at  the  intersection  of  tlie  rails  and  ties  is 
greater  than  in  the  case  of  wooden  ties;  but  if  the  strain  be  limited  to,  say,  4  tons 
per  square  inch  for  iron,  and  about  half  as  much  again  for  steel,  there  is  no  fear  for 
the  resistance  of  metal  sleepers. 

TKACK  T^AYIXG. 

Tlie  laying  of  track  wit^  metal  tie.s  presents  but  little  more  ditlieulty 
tliaii  similar  work  witli  v'')Otleii  ties,  exce])t  where  eomplieated  systems 
of  fasteiiin.ns  are  used.  I'articiilars  of  the  oju'rations  will  be  found  in 
the  statements  respecti?;^-  the  Ben<>al  and  Xam)ur  llailway  (India)  and 
the  Puerto  Kico  Railway  (West  Indies).  In  rcuard  to  boltin.u'  up  the 
rail  fastcninus,  it  is  Av.dl  to  note  that  at  lirst  tlie  bolts  may  need  occa- 
sional ti.i;lit('nin<i-  until  all  the  parts  are  well  settled  to^icthei'.  The 
nuts  siioiild  be  screwed  u\)  tiiilit, but  special  iiisl  nieti(ni  should  be  <iiven 
that  the  wrenches  must  not  be  twisted  violently  or  with  all  ai  man's 
force.  Such  action  will  tend  to  damau'e  the  track  by  straiinnj»'  the 
])ai  ts  or  even  stri])i)inu  the  threads  oT  t  he  bolt  or  nut.  (»SVr  New  York 
^ 'entral  IJaihvay.) 

In  layin.u"  the.  IJendel  steel  ties  used  in  India,  the  ties  are  lirst  ])Iaced 
and  the  ri^^Iit  hand  rails  arc  then  strnnu  in  position  i-estin.u'  upon 
wooden  l)loi;ks  about  1<*  indies  ImliIi.  a  pincli  bai'  beiiiii  h<'hl  between 
the  ends  to  keep  the  expansion  spacin- ojx'n  w  hile  the  lails  aic  lined 
in,  and  one  end  of  each  tie  lifted  until  its  lu.us  en<^a<T^(^  the  rail 
tlan^es  (the  width  between  the  Inus  bein.^-  less  than  that  of  the  base 
of  the  rail).  After  the  wooden  blocks  have  been  icnioxcd  and  the 
rails  ha'^'e  been  dro])ped  into  place,  an  exi)ansion  shim  is  inserted 
between  the  rail  ends  and  the  rails  driven  close  u[).  (Jne  of  the  keys 
at  each  joint  tie  must  be  driven  before  the  splice  bars  are  fitted  in,  as 
it  can  not  afterwards  be  driven  from  the  si)lice  bar  side.  The  left- 
hand  rails  are  then  thrown  onto  the  ties  by  levers,  slipped  between 
the  lu.iis  into  the  rail  seat  by  pinch  bars,  and  then  forced  home  aj»:ainst 
the  inner  lu-is  while  ait  the  end  of  each  tie  raises  it  up  to  the  rail.  Mr. 
AV.  II.  Cole,  111  a  paper  presented  to  the  Institution  of  Civil  En«;ineers 
in  1894,  stated  that  in  18.S9  on  the  Mooltan  division  of  the  Northwest- 
ern Kailway,  India,  about  55  miles  of  OO-pound  T  rails  on  wooden  ties 
were  replaced  by  75-pound  T  rails  on  steel  ties,  with  the  trains  run- 
nin.a-.  in  about  three  months.  The  men  were  well  drilled  in  a  very 
short  time,  and  everythin;^-  went  like  clockwork.  As  soon  as  the  rails 
were  placed  on  the  blocks,  10  men  stepped  forward,  raised  (nie  end  of 
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t he  t  ics,  and  simiillain'oiisly  liitclicd  I  liciii  on 1 1 >  1  lie  rails.  'I'lic  w  id  1  li 
Ix'tv.ccn  tlu'  liiu^  Ix'iiiL:  l<'^^  than  thai  of  liic  lail  ha^c.  tin-  onlcr 
was  |nilh'd  well  on  cr  the  ihi  iiu'c  «»f  t  lie  lail  and  t  iu'  iiiiici-  Inu'  w  a->  t  Immi 
easily  Inrccd  onct  the  i ii iicr  ^i( h'  nf  the  Ihmuc.  Ti-c  liNirks  on  which 
the  rails  rcsicd  had  shjpiiiLi'  to]»s.  so  (hat  the  tics  hnni;  iVoni  the  rail  at 
one  ciul  and  had  the  other  end  resting'  on  llic  iiround.  'I'ies  a  ic  to  he 
iried.  howcxcr,  ha\inu  the  width  between  Ini^s  snl'licicnt  to  admit  (he 
rail  hase,  a  distance  |)!ece  hcinu  then  placed  between  the  lail  ba--e  ami 
tlu'  inner  Inu. 

1  n  re-  ard  to  t  he  slow  in  t  rod  net  ion  ol'  met  a  I  I  ies  on  l-ji  ^li^h  l  ail  wa ys, 
it  may  be  noted  tliat  the  trackmen  theic  (as  in  some  other  conniries) 
are  stronuly  preiudiced  against  siudi  ties,  ol'  wliicdi  they  liaxc  had  no 
experience:  and  these  men,  even  in(dn(lin,i;'  insjxM'tors  and  IbrsMnen, 
somet  inuvs  assert  that  slionid  ste(d  ties  come  into  <;'eneral  nse  a  higher 
class  of  labor  wonld  be  necessary  to  hiy  ami  maintain  the  ti'ack,  as  the 
men  nmsi  ha\  e  some  amount  ot"  ineelianieal  knowledi^-e.  'Idie  Iiub'aii 
lOnii'ineer."  in  comnnaitinu-  upon  this  state  of  tliiufi's,  says  that  while 
the  waives  ]»aid  to  track  laborei's  in  iMiroj^e  and  some  ])arts  of  America 
are  not  sul1ici(Mit  to  iiubnc  intellif;-eTit  men  to  remain  in  the  service,  it 
is  not  to  b(>  believed  that  Kiijilisli  laborers  will  prove  less  apt  tliaii 
Imlian  coolies  or  Al'ricaii  negroes  in  learning'  how  to  handle  metal  ties 
when  once  the  prejudice  is  overcome.  The  same  is  true  of  this  country, 
for  the  a\ crage  section  gang  on  a  well-managed  road  should  be  able  to 
attend  to  the  laying  and  maintenance  of  metal  ties  eipially  as  well  as 
the  la>  ing  and  maintenance  of  wooden  ties.  It  may  not  be  amiss  to 
l)oint  out  here,  however,  that  on  too  many  American  roads  the  import- 
ance of  the  track  work  and  the  advantages  of  having  it  properly  done 
are  not  snfliciently  recognized.  As  a  resnlt,  very  i)oor  wages  are  ])aid 
by  such  roads,  and  inefficient  men  working  for  ])<)or  i)ay  can  not  be 
expected  to  do  tirst-class  work.  Tn  many  cases  a  little  extra  (^xi)ense 
tor  a  better  class  of  l;d)or  would  effect  economy  in  track  work  and 
operation.  If  a  load  should  go  to  the  exi)ense  of  putting  in  good  steel 
ties  it  would  be  tin*  height  of  folly  to  leave  them  to  the  tender  mei  (;ies 
of  unskilled  trackmen. 

BALTiASTIXG. 

The  statenuMits  in  Part  I  show  the  use  of  various  nmterials  for  bal- 
lasting metal  ties,  but  Ibr  steel  cross-ties  tlie  best  material  is  found  to  be 
one  half  inch  to  H-iixdi  broken  stoneorclear  gravel,  as  noted  ])arti('ularly 
on  tlie  .Jura  Simi)lon  Kailway  (Switzerland  i.  Ibn  nt  (  lay  or  slag  would 
probably  be  almost  eciually  good,  though  in  regard  to  t he  latter  it  is 
possible  that  certain  grades  of  slag  ina>  exeicise  a  corrosixc  effect  upon 
the  nu'tal.  On  the  Netherlands  state  railways  it  is  considered  t  hat  a 
greater  de|)th  of  ballast  is  required  with  metal  ties  than  w  ith  wooden 
ties,  bnt  this  does  not  appear  to  be  the  experience  el  sew  here.  1  n  I'egard 
to  the  shai)ing  of  the  ballast  it  is  a  \'ery  geiu'i  al  i»i  actice  to  cover  metal 
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ties  Avitli.  the  ballast  (wliicli  woukl  bo  (letrimoiital  to  wooden  ties  on 
account  of  holding  the  wet  and  causiuii'  rot,  except  in  very  dry  and  hot 
districts),  thus  insuring  extra  weight  and  stability,  as  in  the  New 
York  Central  Kailway  steel  track  (PI.  1).  As  uoted  in  the  statement 
from  the  DelaAvare  and  Hudson  Ivailway,  difficulty  was  experienced 
from  shilting  of  the  track  and  blowing  out  of  the  ballast,  evidently  due, 
in  ])art  at  least,  to  the  sl()])ing  down  of  tlie  ballast  at  the  ends  of  the 
ties,  as  the  common  form  of  road  bed  where  woodiMi  ties  are  used,  a 
form  which  need  not  be  blindly  followed  when  other  kinds  of  tie  are 
used.  It  is  well  to  till  in  the  ballast  over  the  lies,  leaving  only  the 
fastenings  exposed  for  inspection,  and  to  slionldcr  it  ont  for  some  dis- 
tance beyond  the  ends  of  the  ties.  Care  must  be  taken  in  tamping  to 
have  all  the  ties  cfjually  well  tamped,  as,  if  one  tie  is  well  tamped  and 
adjacent  ties  more  loosely  tamped,  the  extra  load  upon  the  former  may 
bend  it  (if  of  steel)  or  break  it  (if  of  cast  iron).  With  wooden  ties  the 
only  etfect  would  be  to  make  a  rougli-riding  trade.  Section  foremen 
l)Utting  in  metal  ties  for  the  hi  st  time  are  Ibund  to  be  apt  to  spend 
more  time  tlian  is  actually  necessary  in  tami)ing  the  ties  solid,  and  lind 
after  all  that  the  tracl;  lias  to  be  gone  over  again  before  it  is  lit  to  be 
liiially  dressed  off.  The  best  i)lan  is  to  tamj)  each  tie  fairly  solid  when 
it  is  put  ill,  and  alter  two  or  three  trains  have  i)assed  over  the  road  sur- 
face nj)  two  or  tliree  rail  lengths,  at  the  same  time  taking  care  to  tamj) 
hardest  muler  tiie  rail  lor  about  10  or  1-*  inches,  and  somewhat  lighter 
at  the  ends  and  towards  the  center.  With  the  Indian  standard  gauge 
of  5  feet  (i  inches,  tamping  for  a  width  of  21  inches  under  each  rail  is 
found  to  be  (piite  snlhcient,  and  this  leaves  a  space  of  2  feet  2  inches  in 
tlir  ct'iitcr  ot  the  tie  which  is  left  (juite  free,  the  ballast  being  filled  in 
loosely  with  rakes.  .Aletal  ties  generally  reipiire  a  third  tamping  before 
they  can  be  said  to  be  thoroughly  bedded,  but  after  tliis  they  should 
re(|uire  less  attention  tlian  wooden  ties. 

It  would  seem  as  though  a  soft  mateiial,  such  as  sand,  would  be  best 
htted  tor  ballasting  cast-iron  bowls  and  ])lates,  but  this  is  not  found  to 
be  the  case,  and  the  (ireat  Indian  reiiiiisnlar  Kailwa.N'  is  replacing  all 
sandy  and  earthy  ballast  with  1-inch  broken  stone.  In  Australia  and 
on  some  of  the  new  jnoneer  railways  in  Africa  the  ties  are  ])acked  Avith 
soil.  Ill  this  country  we  know  a  great  deal  abf)ut  earth  or  ''mud"  bal- 
last, but  it  is  nof;  likely  that  any  road  using  siudi  material  Avill  put 
metal  ties  in  its  track.  In  good  clean  gravel  the  work  of  tam])ing 
should  rcfjuire  fewer  men  i)er  mile  after  a  year  or  two,  but  in  the  soft 
black  cotton  soil  of  India,  which  practically  never  becomes  really 
consolidated,  it  is  niore  difficult  to  tamp  and  maintain  steel  ties  thau 
wooden  ties. 

If  tlic  ballast  inside  the  rails  lias  not  been  ])io))erly  packed,  so  that  onlj'  the  por- 
tions outside  the  rails  sustain  the  whole  load,  the  rnoineutiira  of  deflection  will 
donldf,  but  even  then  there  will  be  nothing;  to  fear.  If.  on  tic-  contrary,  only  tic 
central  portion  of  the  tie  between  the  rails  be:ir.s  \\]u>]i  the  l)a]last  the  niaxiinuni 
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iiiKiucii  I  mil  (It  ilfllfctMiii.  wlii.li  iii.iN  tliiis  1)1'  iiici  f.i-Mil   Id  ii\c  tiim-s  its  (»r(lin:ii\ 

Mlliollllt  .  will   111-  I  IMIINtrll-fd    til    tin-    (•(•Iltil    III'  t  lit-   t  ir.       I '.  \  1 1.  •  I  l .  •  1 1  r .  •  1 1  ;|  S  S 1  U  >  W  1 1 ,  1 1 1 1  U 
rvcr.  lll.lt   this  will  not  (iiTlll-  iC  cair  \u-  t.lki  ll  not   to  |i:ick   tlir  rrlitl.!!  l.oltioli  ol'  tlir 

tif. 

IMliiiU  hollow  slrfiicis  w  it  li  li;ill;ist  h;iviim  a  rrrlaiii  ainoiiiil  ot  « dhc^ioii  is  not 
lrroinintii(l.Ml,  as  no  ilf'^rcc  ol"  il  a-^t  ii' i  t  \  in  tin-  lillin'4  sn  li-^i  aio'i-  ,an  iniica^c  the 
n'-«ist  ani  f  t  o  i  Id h  r 1 1 on  .  Tin'  l  i in  | li n u n  1'  l  he  lia  llasi  ii  mlfi-  •>!  cd  I  ic-^  in  ii-«t  Ik-  ^o  done 
tiiat  tlir  iiinltllr  ol  tin'  I  if  i--  <  itliiT  empty  or  at  lea^t  iml  eoin|iaetl\  lilleil  with 
hnUast.  whih>  lor  a  di^^tanee  of  12  to  lo  iin  lies  .m  eieh  side  of  the  rail  the  l.allast 
iinist  he  well  tani|ied.  It  i-^  al>o  ini|ioilaiil  that  during  the  tiist  few  nion  I  h a  ft  er 
the  tie-,  are  laitl  the  loid  should  lia\ e  ereal  and  constant  a  t  t  en  t  i  on  1 1  n  li  I  the  I.eil 
l)econie->  ron>olidaIed.  The  eost  of  this  oneh(  to  he  eoiisidcr<'d  as  iiart  of  the  cost  of 
la\  iiiu  I  he  road. 

The  metal  tie  acts  hest  on  tiiiii  liroiind.  riiiis.  on  the  1  Ji  e*'- 1 -i in h(iii r^-  line  tliei-e 
w  cic  L'O.IHU)  nieta  1  lieswhiih  had  not  lieeii  tonrlnd  tor  t  w  en  t  \  - 1  w  o  mon  1  lis  and  tin; 
road  eontinm-  1  in  a  most  satisfactory  condition,  workini:,'  trains  riinnine-  ai  a  ma\i- 
niiim  speed  of  iJS  miles  per  hour.  LeiiLjths  of  liallast  ol'  me  limn  i|nalily  in  w  liieh 
wooden  tic>  appeared  to  he  dry  ha\e  pid\ cd  iiiisat i.sl'iKttory  with  iron  ties.  By 
mean-,  ot  t  heir  pmnpinu  act  ion  t  he  hit  ter  draw  tho  wot  np  iVom  Indow  and  work  tlie 
ballast  into  nind.  makine  a  solid  hed  imi)()ssilil(\  This  working  up  into  iiiiul  oeciirn 
also  with  wdoileii  ties.  Iiiit  only  after  llio  ballast  lias  become  completely  imperme- 
able lor  Nxater,  and  re(|mres  renewiiiu-  aii\liow.  The  reasons  for  this  difl'ereiice  may 
1m'  stated  as  follow  s  : 

(1)  Tlio  iron  tie>  have  twice  th"  deiicction  of  the  wooden  ones. 

(2)  Oil  accomit  of  the  accurate  fasteniujjf  of  the  rail  to  the  iron  tie,  it  sliare.s  the 
whole  vert  leal  motion  ot  the  rail,  whereas  with  wooden  t  ies  t  he  ]ilay  of  the  foot  of 
tlie  rail  in  the  spiko  and  the  compressibility  of  the  timber  botli  tend  to  lessfMi  the 
dellect  ion  of  the  t  le. 

(Ol  'i"lic  hollow  body  of  the  iron  tie  is  very  favorable  to  the  formal  ion  of  an  air- 
tiiilit  ca\  ity.  indiiciiix  the  pumping  aetion  above  referred  to. 

(  \ )  'Vho,  under  surfaee  of  the  wooden  tie  lie.s  twice  as  dee[)  as  that  of  the  iron  one. 

The  working  u])  of  the  ballast  into  mud  by  iron  ties  on  certain  trial  lengths  has 
interfered  with  their  more  general  introduction,  whereas  the  failure  should  have 
lieeii  ]iut  (low  11  to  the  inferiority  of  the  ballast  and  its  im])ermeability  to  water.  It 
would  be  found  that  in  similar  ballast  an  accumulation  of  moisture  a t  theliottom 
of  Wooden  ties  takes  place.    Good  ballast  must  fullill  the  following  two  conditions: 

(1  )  It  must  be  ca])ablo  of  being  beaten  np  under  tin;  tie  into  a  linn  mass,  so  as  to 
atlord  the  greatest  possible  resistance  to  the  dellect  ion  when  the  load  comes  upon 
the  tie  and  the  greatest  possible  resistance  to  being  shaken  loose. 

I  L' I  At  the  same  1  inie  the  material  must  be  such  that  between  the  ti(>s  there  may 
bi>  ill  if  interstices  for  the  passage  of  water,  liiit  also  the  grealesi  possible  cohesion 
and  lVicti<ui,  to  i)re\{!nt  sli[)i)ing  and  to  distribute!  (Mjually  the  pressure  of  the  load. 

Broken  stone  fulfills  thesi;  conditions  best,  esp(>cially  as  to  diai':age. 

Water  renwiins  longer  between  the  rails  with  tho  longitudinal  systems  than  with 
cross-ties,  as,  on  account  of  the  solid  body  below,  it  is  drained  off  more  slowly  ;  there- 
fore in  w  inter  the  gravel  IxmI  forms  a  frozen  body.  If  this  tlniws  from  above  tin; 
longitudinals  may  lie  entirely  in  a  thawed  bod  and  \ho.  cross  connections  in  a  frozen'' 
bed.  Then  the  cross  connect  ion-,  are  points  between  which  the  long  lies  with  the 
railsinnst  lie  I'ree  or  iin  perfect  ly  snpporte(l.  l-'roiu  t  h  is  occurrence  danger  miisf  ba 
appreh(!nde(l,  especially  m  cliauging  weather. 

Another  objection  is  made  on  attconnt  ol"  frost  heaving.  If  in  .i  wooden  structure 
one  rail  is  thus  lifted  the  other  can  be  accomiiioda t eil  ;  loit  in  iron  structures  a 
greater  diversity  of  hea\  ings  must  occur,  w  lii(  h  are  not  so  (>asily  reniedi<'d.  'i'lie 
Royal  Prussian  Railway  man.'igcmen t .  however,  using  Ilaarinann's  longitudinal 
system,  finds  this  olijeciioii  not  sustained  e\cn  in  jirotraeteil  frosty  weather,  and 
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considors  this  system  eltieient  as  well  as  easily  and  cheaijly  maintained.  On  the 
BrnnsAviek  railways  the  iron  snperstructnre  (lougitndinals)  npou  hard  subsoil  is 
not  easily  maintained  in  wet  Aveather.  The  same  experience  has  been  made  in  Lor- 
raine ;  hnt  on  the  Rhenish  system,  on  well-drained  u,Tonnd,  no  ditiicnlty  is  experienced. 

On  the  road  from  Calbe  to  Blankenheim  (mountainous),  where  more  than  60 
miles  of  Hilf  longitudinal,  arc  laid,  the  cost  of  maintenance  is  double  that  of  wooden 
ties,  the  reason,  among  other  causes,  being  the  bad  condition  of  the  bed  material,  a 
loamy  and  clayey  sand,  which  becomes  slippery  after  every  rain.  A  simple  cross-tie 
system  and  broken-stone  ballast  is  recommended  on  badly  drained  soils. — (B.  E. 
Feruou-,  1SS7.) 

The  followiii<i-  remarks  are  from  a  ]);i])er  ])ub]islHMl  in  1887  by  Mr. 
Caiitagrel,  a  French  en«iineer: 

The  quality  of  the  ballast  is  a  matter  of  some  importance.  In  England  trials 
were  made  with  the  Macdounel  track  to  compare  the  merits  of  broken-stone  and 
gravel  ballast,  with  results  in  favor  of  the  former.  With  the  Webb  tic  a  ballast  has 
been  used  com]»osed  of  slag  and  furnace  cinder;  it  keeps  together  Avell,  but  ought  to 
be  given  u]),  since  in  three  years  ties  weighing  180  pounds  lost  10  ])ounds  by  oxidiza- 
tion, causeil  by  the  action  of  damp  on  the  ballast,  wliich  contained  considerable 
.sul])hur.  In  lielgiiiui  broken  ston«^  is  u.sed  with  slag  from  the  blast  furnaces, 
l)roken  to  ])ass  through  a  2-inch  ring.  Formerly  the  liner  i)art  was  spread  over  the 
surface,  bnt  as  it  caused  dust  to  bo  raised  by  ])as8ing  trains  its  use  was  abandoned. 
Mr.  Jungbecker  states  that  the  beat  ballast  is  stone  broken  t(  pass  through  a  1  j-iiu  h 
or  lii-iiM-h  ring.  Coarse  gravel  and  rounded  pebbles  of  sandstone  or  (|iiartz  are  also 
good,  but  shaley  or  chiyey  material  should  never  be  used.  The  ]»rimary  condition 
for  all  metallic  substructure  is  a  well-drained  and  dry  ballast.  On  the(ierinan  rail- 
ways it  is  ])rescribed  that  the  fr«)st  should  not  reach  the  w.jter  level,  and  it  is  tliere- 
fore  necessary  to  have  a  perfectly  permeable  ballast  and  to  place  the  level  of  the 
tlow  of  water  as  low  as  possible.  In  Ilollauil  quarry  sand  is  much  used,  river  sand 
being  too  fiue.  but  ]»refereuce  is  everywhere  gi\'en  to  broken  stone  .lud  blast-fur- 
nace slag. 

RKXKA\  ALS. 

One  of  tlie  ^ireat  advantafje.s  of  a  .Qood  metal  track  is  the  .ureat  reduc- 
tion ill  tie  renewals  and  consequent  disturl)aiice  of  the  trade.  As, 
liowever, renewals  must  occasionally  be  made,  the  ties  slioiild  l)e  of  such 
pattern  that  any  one  tie  can  be  removed  and  a  new  one  put  in  without 
disturbinii'  any  other  ties.  It  is  sometimes  claimed  that  metal  ties  may 
be  introduced  .£rra<lually  by  nsinii"  them  in  i  cMiewals  of  worn-out  wooden 
ties. but  such  a  practice  is  not  to  be  recommended,  as  it  would  resnlt  in 
a  hanl-ridiuii  track,  and  when  a  road  <loes  adopt  metal  ties  it  ouuht  to 
l)e  able  to  lay  them  on  i'eas(>nable  lengths  of  track.  An  Indian  engineer 
states  that  a  metal  tie  which  can  be  used  indiscriminately  with  wooden 
ties  posses.ses  adistinct  advanta<je  over  types  whidi  can  only  be  laid 
continuously,  as  it  admits  of  the  chan<ie  from  woofl  to  metal  bein*:'made 
gradually;  and  the  expense  of  reneMalsbeingthus  .spread  over  a  number 
of  years  does  not  affect  the  yearly  balance  sheet  to  such  an  extent  as 
would  be  the  case  were  the  whole  of  the  wooden  ties  removed  at  once. 
He  says  that  Indian  experience  has  proved  that  to  relay  long  sections 
of  the  track  entirely  with  metal  ties  (utilizing  the  serviceable  wooden 
ties  for  repairs  elsewhere)  is  a  very  expensive  niethod  of  working,  for 
the  following  rea.sons :  (1)  The  train  service  is  seriously  interfered  with. 
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niul  on  scclioiis  wlinr  llic  n;iHi<'  is  1um\  \  llic  repairs  li;i\c  otlcii  lo  Im- 
siis|KMi(I('(l  tt'iiiiMiiniily  until  t'.ic  Mock  li:is  hccii  <-lr:i ic(  1  i>\'\'\  rj)  !ii:iny 
wnodcli  t  ic-.  :ll  ('  (l;ini:iut'il  \\  licll  drnwiim  tllc  spikes  ;ili(l  1»\  irliioxiiii;- 
tlicin  with  i):cks  ni-  ci  ow  s :  i .  1 1  iininixTs  of  wondcii  tics  w  liicli 
\\«»nl(l  kitted  ;i  ye;!)'  longer  oi'  more  it  Icl't  n  nd  ist  ii  il  ted  lind  their 

w;iy  to  1  he  ti rew  ( lod  y;i rd  instead  of  Ix'iiii;-  put  into  the  t  r;i(dK  ;i i n  : 
(  1  I  ;i  l;ir,Lie  u;inu'  of  men  is  reipiiicd.  ;md  <•( >n>e( | im'Ii  t  ly  t  liei  e  is  ;i  L:i-e;iler 
Inss  w  hell,  owi  n  u,  t  o  nnfori'se(Mi  or  n  n;i  \  ()i(  hi  1  )h'  ei  rcn  in st  ;i  i m'cs.  ;i  ny  (h'leii 
t  ion  occurs.  As  nhox  c  statt'd  I  can  not  a.urcc  with  t  he>e  opinioii>,  'I' lie 
t'conoiny  in  rcncwaks  is  ('\:c('i)tionally  niai"kod  in  India,  as.  tor  in>taiic<'. 
\\\v  I'-asI  Indian  K'ail  wa>'  icport  s  tlic  annual  a \<'ia.i:('  percentage  of 
reju'waks  at  (k<!4  to  L'.Tl  per  cent  for  cast  iron  tics  and  o.l'S  to  .").!IS  jxm- 
cent  for  w  ood .  wliih' on  tlie  Maslcrn  Px'niial  K'ailwaythc  a\'erai;('  is 
only  tkO»;  per  cent  pel'  annnin.  With  nearly  all  the  inodei'U  steel  ci-oss- 
tiesthe  renewals  have  been  greatly  icdueed.  Many  of  the  steel  ties 
which  ha\"e  been  tried  would  ha\"e  ui\'en  much  better  results  had 
they  been  made  of  hea\  ier  metal.  To  attempt  to  brini*' the  first  cost  of 
a  metal  tie  so  low  that  it  can  be  supplied  as  cheaply  as  a  wooden  tie  is 
unw  ise  in  the  extreme,  and  unless  metal  is  very  cheap  and  wood  xcry 
dear  this  can  only  i)e  done  by  sacrificing- efliciency  and  involving'  future 
expense.  Metal  ties  of  o()od  pattern  haN  C  so  ninch  longer  life  than 
wooden  ties  that  it  is  not  necessary  to  limit  their  cost  to  sncli  an  extent 
as  is  attempted  by  some  inventors.  It  is  also  of  imi)ortaiico  that  the 
ties  should  be  of  snch  form  that  one  can  be  removed  or  renewed  with- 
out interferinu"  with  the  i)assiu,i;'  of  trains  or  disturbing'  the  road  on 
either  side.  Some  of  the  ties  ])atent(Ml  can  oidy  he  slippe<l  on  at  the 
end  of  th.e  rail,  and  if  a  tie  in  the  center  of  a  rail  re(tuired  renew  ing 
two  ])airs  of  Joint  plates  and  all  the  ballast  would  have  to  be  removed, 
and  the  rails  slewed  six  inches  out  of  line;  after  which  all  the  ties 
between  the  end  of  the  rail  and  the  damaged  tie  would  have  to  be  taken 
otf  before  the  repairs  could  be  effected.  With  other  types  the  rail  has 
to  be  s])rung  M'ith  crowbars  in  order  to  get  the  flange  under  the  clips, 
but  although  simi)licity  and  a  minimum  nund)er  of  loose  i)arts  may 
botli  be  classed  as  advantages,  it  is  j)ossible  to  o\-erdo  eacdi  of  them 
and  thus  sacrifice  efiiciency  and  economy.  In  botli  these  cases  the 
track-  would  be  disturbed  to  an  unnecessary  and  expensive  extent. 

Exi)erienced  tra<-kmen  are  not  always  available,  and  as  a  great  i)or- 
tion  of  the  r(daying  and  construction  work  is  likely  to  hv  done  by  men 
who  have  been  imi»erfectly  trained,  any  metal  tie  that  i-e(iuires  more, 
than  the  ordinary  amount  of  care,  or  is  in  any  way  complicated,  is  more 
likely  to  come  to  grief  than  if  it  were  of  simplei-  construction  ami  able 
to  stand  rough  usage,  it  is.  howexcr,  of  import ance  that  renewals 
(and  track  hiying)  should  be  done  b\'  intcdligent  men  nndcr  cai'cful 
su])ervision,  as  already  noted. 
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M  AIXT  EX  AN  CF. . 

In  this  respect,  as  in  renewals,  tliere  may  be,  and  certainly  slionld 
be,  a  marked  economy,  bnt  a  consideration  of  the  individnal  statements 
in  Part  I  show  very  diverse  experience  and  opinions.  The  general 
tenor  of  the  opinions,  however,  seems  to  be  that  after  about  two  or 
three  years  the  cost  for  maintenance  becomes  rapidly  less  than  a  track 
with  wooden  ties,  and  this  is  wliat  might  be  reasonably  expected. 
Some  railways  report  a  marked  saving  (especially  after  two  or  three 
years),  others  report  vei  y  little  difference,  while  a  few  report  increased 
cost.  The  cost,  however,  depends  very  largely  upon  the  style  of  track, 
type  of  tie,  extent  of  traflic,  etc.  It  must  also  be  remembered  that 
most  of  the  European  and  many  of  tlie  other  comparisons  of  cost  of 
maintenance  refer  to  treated  wooileii  ties  of  long  life,  and  not  to  tlie  short- 
lived ties  common  in  this  country.  Then  again  the  records  and  statistics 
are  not  1)ased  u));)n  an\'  uniform  system,  so  that  the  results  can  really 
not  be  compared  with  any  exjx'ctation  of  accurate  comi)aris<)n.  The 
r>elgian  state  railways  report  very  uusatislactory  results  in  this  respect, 
but  the  accurary  of  the  calculations  has  been  called  in  question,  and 
veiy  murli  lictter  results  liax'e  bi'cn  )('i)i)rted  from  other  roads.  {Sec 
Austiia  and  i'laiice.  espcciallN  .  The  New  \ Oik  Central  luiilway  has 
liad  exeellent  results  from  tlu'  SOI)  steel  ties  laid  in  ISSl). 

From  tin'  statements  accom])anyiiig  the  report  on  the  maintenance 
expenses  of  track  on  wooden  and  on  metal  ties,  presented  at  the  meet- 
ing of  the  Internatiomil  Kail  way  Congress  in  1S02,  the  following  figures 
are  taken:  State  railways  of  I'rance,  12,24,  and  11  ])er  cent  less  than 
wood  for  the  years  l.SS7-*SS-"S!).  the  average  being  2 1  percent:  .Iiira, 
Bern,  Luimm-iu'  Railway  (now  Juia  Simi)loi) ),  2()()  days  per  mile  [hu'  year 
for  wood  and  12!>  with  nu*tal.  The  Paris,  Lyons  and  Mediterranean 
Paihx  ay  found  on  its  Algerian  lines  a  saving  of  2))  ])er  cent  by  the  use 
of  metal  ties.  On  these  lines  wofxlen  ties  costing  '^1. 10  each  last  ten 
years  and  cost  for  maintenance  •S2.).")  i)er  mile  per  yeai*.  Tlui  metal  ties 
cost  81.75,  last  thirty  years,  and  only  cost  about  s  154.50  per  mile  per 
year.  The  (Ireat  Central  Pail  way,  lielgium,  i-e])orted  an  average  cost 
of  81<»1. 88  per  mile  per  yeai  for  track  on  wooden  ties  (including  rail 
and  tie  renewals)  and  820  tor  metal  ties. 

This  latter  li-^iiro  is  tlie  aver;i;j;<'  of  cximmisos  during  the  years  1886  to  1890,  inclu- 
sive; it  is  extremely  low,  befjinse,  up  to  this  time,  tlie  tampini:^  and  dressing  are 
perfectly  Avell  maintained,  and  there  have  been  no  renewals  of  rails,  ties,  or  acces- 
sories. 

Ml-.  Kowalski  reinaiked  (»n  this  point  that  820  per  mile  per  year 
represented  twenty  to  thirty  days'  laboi-  of  1  man  ])er  year;  that  is  to 
say.  that  a  tloatiug  gang  of  5  men  would  suffi(;e  to  attend  not  only  to 
the  maintenance  but  to  the  si>ecial  supervision  of  a  section  31  miles 
long.  This  is  in  proof  of  the  opinion  he  has  always  held,  that  a  track 
on  metal  ties,  when  once  well  settled,  does  not  require  maintenance  in 
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the  \\;iy  of  liiiiiiu  ;iii(l  MirrnciiiL:',  tliiis  t'llrcliiii:  :i  s;i\  iiiu'  in  the  iiiiiiilicr 
of  iiicii  ;iimI  III  tlic  ;iiii()iiiil  of  lie  est  i  m ,  1 1  ( •(  I  lliiil   llic  Sii\iii,n" 

anioiintcd  I<>  ll'  iut  ci'iil  lorllic  >  (MI,  ;iim1  ^r;iilii;ill\  i  iicicnxMl  t'» 

.■'»0  nr  1(1  \)v\-  cciil . 

i  :(  ONOM  \  . 

'I'lic  (■('(>ii()!ii_\  cUccIimI  l)y  tilt'  use  (»!'  m('l;il  lies  is  due  iiol  diily  to  llic 
Ui  catci'  li  Ir  of  I  he  I  ic.  coiisciiiKMil  icdiiclioli  ill  renew  ;i  Is.  1  ni  1  to 
1  lie  red  net  ion  in  eo,>i  oT  lalxn'  in  r<'ii('\viii-'  1  ies  and  put  t  inu  I  lie  t  rack  in 
condition.  As  llie  l»alla>I  and  tiacd^.  oiiee  distiirlx'd,  takes  .some  time 
l(>  lieeonie  eon>olidated  auaiii,  there  is  a  liirtlier  saNiii*^  in  the  extra 
cost  of  Ilia i II t eiia nee  whieii  is  dii'ci'tlv  trat'eable  to  tlie  renewals  of 
wooden  ties,  f li is  eeoiioiiiy  has  been  found  on  flie  New  \'orlc  ('entral 
liailwayand  iii.iny  foreign  railways.  In  lS!)j  t  he  eliicf  ('ii_ui  iieei' of  the 
Southern  Mahratia  K'ailwaN,  of  India,  made  ii  report  to  tlie  <;()vcrii- 
nient  on  steel. east  iron. and  teak  ties.  1  le  considered  the  steel  ^'reiitly 
snperior  to  the  w()od,l)iit  the  cast  iron  even  more  durable  than  the 
steel,  and  as  the  \  alne  of  the  old  cast  iron  is  about  To  per  cent  of  the 
oriiiiiial  \  alue  it  was  eoneluded  that  on  the  whole  the  cast  iron  ties 
were  the  most  eeonomieal. 

COST. 

The  prices  of  metal  ties  in  other  countries  afford  little  basis  for 
estimatiuff  the  cost  in  this  country,  owinii'  to  the  difference  in  labor 
conditions  and  in  tlie  i)rices  lor  materials  and  labor.  Some  European 
engineers  of  ex[)erience  estimate  that  a  metal  tie  should  cost  not  niore 
than  to  -  times  as  much  as  a  wooden  tie  in  order  to  effect  a  decided 
econoniN'  in  maintenance  and  renewals.  This,  however,  is  based  upon 
a  lite  of  15  years  for  the  wooden  and  30  years  for  the  metal  ties,  and  a 
lai  -c  increase  in  cost  would  be  admissible  where  the  wooden  ties  have 
a  life  of  only  7  to  ]()  years.  None  of  the  metal  ties  yet  manufactured 
in  this  country  have  been  made  on  a  sufticient  scale  to  enable  a  market 
price  to  l)e  determined,  as  a  special  expenditure  for  plant  is  required. 
At  )>resent  ties  suitable  for  main-track  service  could  ])robably  not  be 
fiiriiishe(l  for  much  less  than  i<2  market  value.  The  New  York  Central 
K'ailwa>*s  new  100  |)()und  ties  cost  $2.50  each,  but  the  makers  estimate 
tliat  in  (piantities  and  at  the  i)resent  ])rice  of  steel  they  could  be  fur- 
nished for  less  than  The  Daniels  (JO-pound  tie  for  street-railway 
tracks  costs  about  (17  cents,  or  74  cents  with  fastenini;s  complete. 

1  will  say  here  in  regard  to  metal  ties  what  I  hav(5  l're(iuently  said  in 
regard  to  rails,  namely,  that  it  is  a  wise  ])olicy  and  <;-ood  economy  to 
pay  a  ^ood  piice  for  a  ^ood  article;  or,  in  other  words,  to  buy  <;'Ood 
materials  and  to  i)a>'  what  they  are  worth.  If  better  i)rices  had  been 
paid  for  steel  rails  dnrin.i;-  tlie  last  ten  yejirs  thei-e  would  ha\'e  been 
less  c(»ni)»laiiit  as  to  the  (piality  and  less  trouble  and  expense  in  main- 
tenance and   renewals.    The  iiKxlern   tendency  to  buy  the  ('hea])est 
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material  simply  because  it  costs  less  is  detrimental  to  good  work  and 
economy. 

The  following-  mathematical  discussion  of  the  iiuestion  of  cost  of  ties 
was  prepared  by  ]\Ir.  B.  E.  Fernow.  {^<ec  aho  paragraph  on  '^AVeight/' 
iu  Part  HI.) 

The  item  of  cost  is  natuially  of  primary  importance  with  good  tiuau- 
ciers,  but  for  a  perpetual  concern  like  a  railway  the  lirst  cost  is  not 
always  the  most  imi)ortant  factor  of  calculation.  In  fact,  the  saA'^ing 
of  labor  for  renewals  and  nniintenance  is  now  the  vital  (piestion  in  the 
cost  of  railway  working.  AVhen  this  is  brought  to  a  minimum  by  per- 
fection of  road,  then  safety  ami  comlbi  t  in  tra\eling,  as  well  as  a  divi- 
dend, will  be  secured. 

According"  to  Mr.  C.  1*.  Sandbeig,  who  advocates  only  the  most  solid 
structure,  the  desirable  metal  tie  may  be  said  to  cost  as  much  per  ton 
and  weigh  as  much  per  mile  of  line  as  the  rails,  themselves.  Mr.  Gustav 
^leyer,  of  the  Prussian  state  railways,  says  that  iron  cross-ties  of  110 
l)oiinds  weight,  costing  -"^l.T.'j  each,  must  last  twenty-live  years  in  order 
not  to  in\'ol\  e  an  annual  charge  of  more  than  9.8  cents,  which  is  the 
average  annual  charge  Ibr  wooden  ties  on  ( lerman  railways;  bur  this 
charge  is  figured  too  low.  and  the  metal  tie,  to  be  within  the  annual 
charge  of  !>.8  cents  on  the  lirst  cost  alone,  must  not  cost  more  than 
''<1.4().  {Sec  table  for  coiiipnliiig  annual  charges,  on  following  pages.) 

To  get  at  tin*  annual  ci)st  lor  the  proN'ision  and  renewal  of  railway 
ties  the  following  points  must  be  considered: 

(1)  The  annual  interest  on  lirst  cost. 

(1*)  The  annual  sum  laid  aside  for  depreciation. 

(.'3)  The  --old  material  \  ahu',"  lessening  the  amonnt  of  dei)reciation. 

(4)  Cost  of  labor  ami  tools  fa-  replacing  ties. 

(5)  Cost  of  the  attachment  to  the  rail. 
(G)  Cost  of  maintenance  in  the  roadbed. 

(7)  Intluence  of  lie  upon  the  life  of  rolling  stock. 

The  lirst  cost  of  fasteiiings  for  wooden  ties  is  less  than  for  metal 
ones,  but  tlie  c(jst  of  renewal  is  greater  in  tiie  former  (,'ase,  so  that  in 
the  end  the  annual  cost  for  fastenings  becomes  less  in  the  case  of  metal 
ties. 

The  cost  of  maiuteuance  of  a  steel-tie  track  three  and  one-half  years 
old  was  found  the  same  as  that  of  one  of  the  same  age  laid  on  Avooden 
ties,  but  from  this  point  on  the  cost  of  the  latter  increases,  while  the 
cost  of  the  former  tends  to  diminish,  owing  to  the  consolidation  of  the 
bed.  One  of  the  district  engineers  of  the  Netherlands  Eailway  states 
that  on  a  test  piece  of  1,144  yards,  on  a  curve  of  820  yards  radius  and 
a  grade  of  1  in  S3,  no  tamping-  of  the  ballast  was  recpiired  for  22  months 
ending-  December  31, 1884,  and  that  the  only  maintenance  re(piired  was 
one  man  for  34  days  inspecting  and  tightening  up  bolts. 

On  the  lihenish  roads,  wliich  at  the  end  of  1879  had  112  miles  of 
track  laid  with  longitudinal  and  197.]  miles  with  cross  metal  ties,  and 


(  Al.<  ri.A  I  IXC    (•(  ►S  I'. 


(n  wliicli.  iliiriii-  ISSO,  w  ric  lidded  IN  ami  l.".><  iiiilo.  rr>| »cct  i \ el  w  llir 
Inlldw  iiiu  ic^iills  w ere  <)l>laiii('d  :  (  )ii  Idd  indcs  ol  liack  willi  wooden 
tie>  L'7  1  la!  tor  da  \  s  wcic  riMHiiicd  \  eai  l_\  :  w  it  li  inelal  Inn  -  1 1  nd  i  iia  1  ^  \  n 
teiii.  on  an  aNCi  aue  of  tliice  \  ears,  oidv  -''>i,  or  o  jier  eeiil  les>:  and  (he 
a\ crauc  ainoMiil  of  lal>or  e\|>eiided  in  tlie\ear  1  S7!>  w  as  on  ly  L'O!)  da  \  s, 
{)]•  1'.")  per  eeiil  le^>:  w  i  1 1 1  iron  cross  lies,  dniiii^  an  aNeia^e  of  L*.").l 
inoiil  h--.  L' in  da\ s.  or  11  percent  less,  and  lor  I  he  a  Ncra  uc  ol'  1  lie  year 
1S7'.>.  Kil.',  day>.  or  .">•')  pel'  cent  less  were  reipiiicd. 

In  (leiinany  llieeost  of  maintenance  lias  heeii  loniid  lo  vary  IVoni 
•'^•')S  to  s.'i(il)  per  iiiile  wilii  joiin  lie  system,  and  ri<nii  sl7  to  ^107  with 
cross  ties.  >nl)soil.  bed  material,  and  kind  of  stiau'l  nre  caiisiiiu  ^reat 
d  i  rrej-elices. 

(  AL(  ri.A  riN(;  ( o.m pa n a  ri \  i:  cost. 

I  W  ril  ten  1>.\   T).        J'lacNow.  j 

There  a ppear>  to  ha\('  been  some  difiiciilty  e.\])erien(.'ed  l)y  engineers 
in  comiim  to  a  conclusion  as  to  lio\v  the  cost  of  ditlerent  systems, 
tyi)es,or  processes  oiii^ht  to  be  ('()m[)ared,  Avhicli  ^'ary  as  for  instance  in 
tlie  case  of  ties  in  tlie  initial  cost  in  tlie  number  of  yiuirs  that  they  will 
last.  and.  in  addition,  in  the  frequency  at  which  the  expense  of  renewal 
recnrs.  1" iie  diliicult  \-,  it  seems,  need  not  exist  at  all,  and  can  be  removed 
by  the  ai)plication  of  snnple  mathematical  formulas  and  mathematical 
deductions,  and  i)iit  into  a  form  which  will  allow  a  ready  comparison. 

The  simplest  and  most  satisfactory  ^^ay  of  compariug'  two  systems  is 
by  taking-  recourse  to  a  calculation  of  annual  charges. 

The  exi)enditure  K  occurring  now  and  recurring  every  u  years,  like 
tliat  for  tlie  renewal  of  railroad  ties,  is  changed  into  an  annual  charge  r 
b\'  t  he  foi  iniila." 

^-^^1.0  1 

100  +  p 

in  \\  liich  ])  is  the  late  of  interest  and  1.0  j)=     j^^^  • 

'l"hi>  formula  is  loniid  by  summing  up  the  recurring  intermittent 
ex])end it  iire>  K)  discounted  to  the  ])resent  time  on  oueside  and  setting 
them  (Mpial  to  the  sum  of  the  discomited  annual  eliarges  (r)  on  tlie 
ot  her  side  : 

n  U  ^    r  r  r 

'  +  1.0  />  "      1.0  //-"     ■     '    ■         1.0 />  +  1.0  /r"  +     '     *    '      1.0  >/' 

1.0  jf"  0.0  // 

In  the  Ibllowiiig. Table  I ,  t  he  Iract  ion  j  _  i    ''''^  f)cen  computed 

for  rate  of  interest  at  o  per  cent,  and  for  \  ai  ious  terms  of  n. 

\\y  multiplying  the  fraction,  gncii  for  1  cent  expenditure,  under  the 


■  111  tlic  ;i1k)\c  t'oriiiiil;i  tiic  rli;irL;c  is  coiiccncd  to  l»c  made  loi  the  end  of  the,  year 

K  1.0y;»-'0.0j> 

Char^iii;:;  at  the  l)eiiiiiimiu  of  tin;  \  <'ai- the  loriiiiila  is  <'liaii.i;(!d  to  /•—  ^  Qp,i~i — ' 
To  use  tile  table  for  this  loniiula  it  is  only  neeessary  to  divide  (he  liguies  witli  l.n^;. 
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term  in  wliu-li  the  expenditure  is  to  recur,  with  the  actual  amount  of 
the  expenditure  in  cents  the  annual  charge  is  found. 

This  nuiltiphcation  is  carried  out  in  the  table  for  varying-  expendi- 
tures from  IH)  cents  to  125  cents. 

If  a  lower  rate  of  interest  is  used  in  calcuhvtiuij;'  the  annual  charges, 
these,  to  be  sure,  fall  out  lower,  but  tlie  amounts  of  saving  increase.  So 
that  it  may  be  assumed  that  the  table  calculated  upon  a  5  per  cent 
basis  gives  the  most  conservative,  i)ractically  applicable  results. 

If  the  actual  amount  saved  is  to  be  determined,  we  need  only  find 
and  compare  the  capitals  which  produce  annually  if  placed  on  simple 
interest  the  amounts  of  the  annual  charge;  or  to  arrive  at  the  amount 
of  that  cai)ital  directly,  we  need  only  omit  in  the  above  formula  the 
multii)licati()ii  with  0.0 y>. 

If  the  expenditure  is  not  now  incurred,  but  becomes  first  necessary 
after  n  years  and  then  recurs  at  intervals  of  ii  years,  like  the  cost  of 
i('))laciiig  raihoad  ties  (assuming  tliat  the  first  laying  is  done  at  a 
ditVcrent  ligurc),  or  allowance  lV)r  tiic  Nalue  of  the  old  material,  the 
formula  for  the  annual  charge  is  changed  into 

_    U    0.0 /> 

l-'or  this  the  nctMlfnl  computat i(nis  are  found  in  Table  II. 
Tlic  above  formula  apidics  no  matter  whether  the  number  of  periods 
of  renewed  expeniliture  is  taken  as  inlinite  or  as  a  linite  l)usiness  term. 

Another  way  of  comparing  two  systems  for  a  given  business  term  is 
to  ealeuhite  tlic  total  Capital  value  <>f  the  recurring  expenditures  with 
eompcnind  interest  for  tin;  given  term;  thus: 
K  =  amount  ])aid  out  once  in  n  years. 
/y/  =  number  of  terms  of  n.  years. 

\'  =  total  capital  value  of  the  expenditures  at  the  end  of  ?>i  n  years. 
p  =rate  of  interest;  then 

\  _  1.  (1-^^ J)'""  — I)  1.0 jp'^ 

^-'^  1.0p"-l 

If  we  consider  two  systems  in  which  the  corresi)onding  values  are 
V^,  K^,  ni„  n„  and  V,„  K,„  m,„  n,„  we  have  from  (1) 

^  _li,i.0p  {i.02r  "  -i) 
1.0i)--l 

_li,,1.0yr"(1.0jp'»"""-l)      ....  (2) 
"~  1.07}"-! 

Since  tor  eoiniiarison  we  must  have      n,  —       w,,,  the  values  (2)give 
V,  _K,  1.0^1-1  1.0 

From  this  we  see  that  the  first  or  second  system  will  be  the  more 
advantageous,  according  as  y '  is  less  or  greater  than  1. 


CAi.cui.A  riNi;  co.sr.  l!)3 

If,  for  instance,  we  iiit rcMfuc.e  iiitn  tlu'sr  ('(|uat ions  {iic  lollowinj^'  clc- 
nuMits,  in  one  case  a  t  if  cost  ini^- (10  cents  in  tlic  r<).i(ll)('(l,  lasiin^-  cio^lit 
vcars,  in  t  he  ot  licr  case  a  t  ic  cost  in.u"  tlic  sanic  hnl  last  i nu  si  \ teen  years, 
IMIOO  t  ics  to  t  lie  mile,  we  lind  lor  a  term  ol"  t  liirt.\  two  \ cai  s.  in  t  lie  lirst 
case  an  expenditure  ol'  iiiNcst  men i  and  accnninlaled  interest  oi* 
slS,l,">l.lS.  and  in  the  otlier  case  ol"  >^  HI.S.'K;.  Ii'.  or,  since 

\\  ~       L'.tilMI  X  (H>  X  LO."^*'"  -  I       —   •  '  ' 

the  saving- of  tlie  h»n|Li-er  lived  tie  amounts  to  10  jx'r  cent.  I>\  discount- 
inu  the  ditVerenee  in  acenmuhited  expenditures  after  thirty-two  yearvS, 

naniel)  ,  >!7,-!01.7(I  to  tlu'  ])resent  year,  aceordiui;-  to  fornnda  10  =  i  {)pny 

we  ^(M  the  present  capital  saNin.L^-,  namely,  81,'")-)1.00.  This  represents 
the  tiuaiK'ial  a(lvantai>e  of  the  tie  of  longer  duration  for  a.  tbirty-two 
year  run.    h'or  a  longer  run  this  amount  increases  naturally. 

Ex  a  mple. 

Four  systems  are  to  be  eomi)ared. 

I.  A  metal  tie  sj'stem,  requiring  2,000  ties  per  mile,  the  tie  costing 
82.40  to  lay,  lasting  thirty-two  years,  and  when  taken  out  being  worth 
40  per  cent  of  original  cost  or  80  cents, 

II.  A  wooden  tie  system,  requiring  2,700  ties  per  mile,  the  tie  an  oak 
tie  costing  75  cents,  to  which  20  cents  must  be  added  for  tirst  laying 
and  1.")  cents  foi^'enewals,  the  tie  lasting  eight  years,  and  when  taken 
out  being  worth  10  per  cent  or  7.5  cents. 

III.  A  wooden  system  of  3,000  ties,  hemlock,  ties  costing  40  cents  in 
the  roadbed  and  lasting  four  years,  without  value  when  taken  out. 

IV.  Ilendock  tie  system,  with  2,700  ties,  imi)reguated,  at  a  cost  of  20 
cents  per  tie,  and  protected  by  a  metal  tie  plate  costing  30  cents  per 
])air,  and  being  worth  o  cents  as  old  scrap  at  the  end  of  twelve  years, 
when  the  tie  is  taken  out  of  service. 


I.  Mrtal  tie: 

Annual  charge  on  $2.40  for  thirty-two  years  ])eri()(l   ;J>15.  12 

Less  annual  charge  for  return  of  80  cents  alter  thirty-two  years   1.04 

14.  08 

For  2,(M)()  tics   281.60 

II.  Oak  tie: 

Annual  charge  on  75-1-20  =  95  cen|;a  for  eight  years  period   14.  70 

Add  annual  charge  lor  renewals  at  15  rents  i.^/Lz^.^-^.-t^'::^.  ii^i>;. C^.i  ^.T'TO 

15.40 

Less  animal  diaruc  lor  return  of  7.5  eenls  every  einht  years   .  (JS 

14.  72 

For  2,700  ties   .307.44 


7937— >^o.  9  13 


194 


USE  OF  METAL  RAILROAD  TIES. 


III.  Hemlock  tie : 

Annual  charge  on  -40  cents  for  period  of  four  years   $11.  2H 

For  3,000  ties   338.40 


IV.  Hemlock  tie,  treated,  and  with  tie  plate  : 

Annual  charge  on  40+20+30=70  cents  for  period  of  twelve  years   7.  82 

Less  annual  charge  on  return  of  3  cents  every  twelve  years   .19 


6.  63 

For  2,700  ties   206.00 


Showing,  as  far  as  actual  cost  of  the  systems  is  concerned,  outside  of 
maintenance  expenses,  the  treated  hemlock  tie,  with  tie  plate,  under 
the  conditions  assumed,  the  cheapest  by  from  one  to  two-thirds,  and  the 
metal  system  next,  but  even  at  a  cost  of  82  per  tie,  GO  per  cent  cheaper 
than  the  oak. 


A.MoiM'i/.  A'lK  )N  r.\i;Li:s. 
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FROGS  AND  SWITCHES. 

A  defect  of  a  large  proportion  of  metal  track  systems  is  that  tliey 
can  not  be  used  at  frogs  and  SNYitclies,  o\yiiig  to  the  inability  to  adjust 
fasteiiiugs  to  suit  the  varying-  positions  of  the  lead  rails,  or  to  attach 
the  frog,  switch  points,  and  guard  rails.  Metal  ties  offer  the  particular 
advantage  of  giving-  increased  safety,  smaller  cost  of  maintenance,  and 
a  smooth  riding  track  for  switches  and  turnonts;  and  if  metal  ties  are 
used  at  all,  it  is  most  desirable  that  they  should  be  applicable  at  such 
situations,  not  only  f(n^  the  above  reasons,  bat  also  to  insure  a  uniform 
and  continuous  type  of  track.  The  Austrian  State  llailways  use  the 
Heindl  tics  very  extensively,  and  the  Gotthard  Kailway  uses  its  trough 
ties,  for  tliough  the  latter  cost  about  twice  as  much  as  oak  switch  ties, 
the  i-est  of  the  expense  remains  about  the  same.  The  Porto  Eico  rail- 
ways use  tlic  Boycnval-Ponsard  steel  ties  and  hnd  them  entirely  satis- 
factory. ^\'i^ll  bolt  fastenings  additional  holes  maybe  drilled  in  the 
tie  wliilc  111  tlic  track.  In  this  country  a  mo<lilied  form  of  the  Stand- 
ard tie  has  l)L'en  designed,  in  which  the  rails  and  fastiMiings  on  each 
tie  can  be  adjusted  to  any  iK)sition.  This  offers  an  ad\  antage  over  the 
other  systems  niciii ioiicd  ;il)(>\  ('  iii  ti';ick  la.\  iiig  ;ind  renewals,  as  it  is 
not  necessary  to  have  the  ties  in  a  cert  ain  order.  All  ties  of  eqnal  length 
(the  switch  ties  being  in  sets  of  extra  lengths)  are  interchangeable, 
while  ties  with  bolt  holes  iiiusi  be  ])laced  in  consecutive  order  to  give 
the  proper  jjosition  to  the  lead  rails.  (See  IT.  S.  patent.  No.  517915.) 
AVith  the  llolienegger  longitudinal  system  (Northwestern  Hallway, 
Austria)  the  turnouts  and  crossovers  ai-e  laid  on  wooden  (a'oss  ties,  but 
the  switch  rails  rest  on  the  metal  longitudinals. 

KKCOIIDS. 

The  (lcsiral)ility  of  keei)ing  careful  records  of  the  laying  and  renewals 
of  ties,  cost  of  work,  and  amount  of  traffic,  etc.,  has  l)een  pointed  out 
in  my  former  report;  but  attention  should  be  called  to  the  fact  that  the 
life  should  be  determined  by  the  number  of  trains  and  the  load  sus- 
tained rather  than  by  the  mere  number  of  years  during  which  the  ties 
remain  in  the  track.  Some  roads,  desiring  to  effect  economy  in  renewals 
of  wooden  ties,  mark  the  ties,  in  some  way  to  indicate  the  year  in  which 
they  were  laid,  so  that  their  length  of  service  can  be  at  once  deter- 
mined, and  some  such  i)lan  should  be  followed  with  metal  ties.  For 
the  records  to  be  of  any  use  it  is  absolutely  necessary  that  they  should 
include  statistics  of  the  climate  and  atmosphere,  the  character  of  soil 
and  ballast,  the  number,  weight,  and  speed  of  trains,  etc.  They  should 
also  l)e  kept  regularly  and  completely,  and  the  results  analyzed  and 
studied  from  time  to  time. 

Mr.  Cole,  in  a  short  paper  i)resen ted  to  the  Institution  of  Civil  Engi- 
neers, England,  in  1894  (Proceedings, •Vol.  cxvii,  1893-'94,  Part  iii), 
pointed  out  that  the  average  life  of  rails  and  ties  is  frequently  recorded 
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witlioiit  any  details  as  to  soil.  Ii  \  Lironict  ric  oi  oilin  at  iiKtsplicric  coii- 
(litiniis,  train  loads  and  speeds,  grades,  etc.,  ami  no  |)ra(*tical  dedne- 
tinns  can  jxxsil)!}'  lie  nnnle  tVoni  sneli  i iieoni jilel e  statist  i i  s.  The  ai  itli 
nietieal  eah  idat  ions  may  he  lairly  aeeurate,  Imt  a  le\s  miles  of  ste(d 
track  laid  in  a  wet  saliiu'  >oil  will  e(tmp!et<'l\'  spoil  the  axcraue.  The 
following;  know  n  I'aets  nnist  he  taken  into  aeeonnt  i n  eonsiderat  ions 
rcjiiardiiiu  Indian  railwa_\s:  (1)  It  is  j\n()wn  that  wooden  ties  are  iai>- 
idly  at  t  aeke(l  hy  w  li  it  e  ant  s  in  <'ert  a  in  d  i-^t  riet  s.  a  ml  steel  t'ws  aic  ra])idly 
rusted  oreorroded^iii  other  districts;  (2)  at  cert ain  ])oints  in  tiie  railway 
system  di'odar  t  ies  iVom  the  Himalayas,  ci-eosoted  pine,  ties  from  10iiroi)e, 
and  steel  or  east -iron  ties  from  lai^iand,  meet  in  regard  to  cost;  (.'>)  any 
attempt  to  lix  an  artilicial  j)rice  on  indij^enous  wooden  ties  can  he  foiled 
hy  a  recourse  to  imported  metal  ties;  (4)  the  lon^yer  Jife  of  metal  ties 
under  well  known  conditions  will  compensate  for  their  greater  cost;  (5) 
the  cost  and  life  of  the  fastenings  reipiired  with  each  description  of  tie 
must  he  taken  into  account;  ((J)  old  wood  and  cast-iron  scrap  haA'e  a 
varying  value  in  differcDt  parts  of  the  country,  hut  while  old  cast-iron 
ties  are  ea<;erly  hought  for  scrap,  unserviceahle  steel  ties  have  little  or 
no  value.  In  rciiard  to  the  half-yearly  oflicial  tigures  of  tie  renewals, 
etc.,  it  was  remarked  in  Indian  Engineering  "  that  the  elaborate  sta- 
tistics as  to  ties  given  in  the  half-yearly '^Analysis  of  Working"  are  of 
very  little  practical  use.  If  certain  lengths  of  cast-iron  bowl  ties, 
Denham-Olpherts  cast-iron  plate  ties,  steel  ties,  deodar  and  other 
wooden  ties,  etc.,  could  be  laid  in  several  parts  of  the  country  so  that 
they  might  be  exposed  to  very  different  conditions,  which  would  be 
carefully  noted,  it  would  be  known  each  year  how  many  of  each  sur- 
vived and  the  particulars  of  their  behavior  under  various  conditions 
of  ballast,  clinmte,  traffic,  etc.,  could  be  definitely  ascertained.  But 
without  such  details  little  or  nothing  of  practical  value  can  be  deduced 
from  the  tigures  given  in  the  administration  reports. 

RACK  RAILAV  AYS. 

A  nuinh<'r  of  slioi  t  railways  operated  on  the  rack-rail  system  have 
been  hndt  in  1  jiiope  dni  ing  the  last  few  years,  generally  for  passenger 
or  excursion  trallic  only,  and  in  most  cases  steel  cross-ties  are  used,  as 
they  allow  of  a  l)etter  and  more  secure  attachment  of  the  rack  and 
rails.  The  liarmen  Mountain  Kailway  [see  Germany);  the  Monte  Gen- 
eroso  IJail  way,  and  lirienz  and  Rothhorn  Railway  [see  Switzerland),  and 
the  Bosni.i  and  \'enezuela  ra';k  l  ailways  are  examples  of  this  type  of 
railway.  The  Mount  Washington  Railway  and  Pike's  Peak  Railway, 
in  this  country,  and  the  Xilgiri  Railway,  in  Indni,  use  wooden  ties. 

IMOXEER  PtAIEM  AVS. 

It  is  worthy  of  note  that  while  heavy  metal  ties  are  being  used  on  rail- 
ways with  heavy  trathc,  lighter  ties  are  being  extensively  used  for  pioneer 
railways,  such  for  instance  as  the  Norinanton  and  Croydon  Railway 
of  Australia,  and  the  Congo,  Beira  and  Mombasa  railways  of  Africa. 
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TilGHT  RAII.WAYS. 

Even  in  the  more  thickly  settled  countries  metal  ties  are  used  for 
light  railways  of  i^ractically  the  same  type  of  construction  as  the  pioneer 
railways  above  referred  to.  Such,  for  instance,  are  the  Oharleroi  local 
railways,  Belgium ;  the  Bengal  Provincial  Kailway,  India,  and  other 
secondary  lines  and  steam  tramways. 

TIES  OF  OT^D  RAILS. 

Designs  for  the  utilization  of  old  track  rails  in  making  steel  ties  are 
very  little  heard  of  now.  In  the  hrst  idace,  they  can  not  be  expected  to 
make  really  good  ties,  owing  to  lack  of  uniformity  of  wear  and  condi- 
tions; and  in  tlie  second  i)lace,  their  manufacture  would  usually  involve 
an  amount  of  shop  work  and  fitting  that  is  apt  to  be  overlooked  in  the 
claims  for  the  economy  of  such  ties.  The  Taviers  and  Embresin  Rail- 
way, Belgium,  uses  ties  of  old  rails,  as  already  described.  The  Los 
Angeles  Consolidated  Electric  Railway  has  also  used  steel  ties,  as  noted 
further  on  in  regard  to  '-street  railways."  The  Cannon  tie  is  designed 
to  utilize  old  rails,  and  the  Daniels  ties  are  made  from  old  rails,  but  in 
the  latter  case  tlie  rails  are  rolled  into  corrugated  plates  and  not  used 
in  their  original  form.  Particulars  of  American  inventions  in  this  direc- 
tion are  given  in  tlic  summary  of  patents  at  tbe  end  of  Appendix  No. 
2.  It  is  possible  that  a  clicaj)  and  liglit  tbrm  of  tie  suitable  for  colliery 
and  mine  tracks  may  be  made  IVom  old  rails,  as  instanced  by  the  White 
tie  (England). 

Anothrr  ]>rt>p()sitioii  for  t  he  nsj)  of  waste  in:it<;rial  in  tlio  constniction  of  steel  ties 
is  to  cut  old  steel  rails  (Viguoles  or  T  section)  into  leiii^ths  of  7  feet  10  inclnss  and 
rivet  them  to  cast-iron  chairs  (those  used  with  Vi.unoles  rails),  two  len<,rths  to  each 
pair  of  chairs,  thns  forming  a  cheap,  strong,  and  dnral)le  tie,  which  will  be  worth  as 
nun  li  as  new  ties  wonld  be  after  both  have  served  their  turn,  while  at  the  same  time 
using  what  is  now  a  drug  in  the  market. — {li.  E.  Fcnwiv,  Jhdletln  No.  i,  1SS7.) 

COMPOUND  TIES. 

Various  designs  have  been  made  for  compound  or  combination  ties 
made  of  wood  and  iron,  but  they  are  not  promising,  owing  to  the  trou- 
ble of  manufacture  and  the  Imbility  of  the  parts  to  get  loose.  [See 
summary  at  end  of  Appendix  No.  2.) 

As  the  ol>ject  of  these  notes  'S  to  point  out  where  a  saving  in  the  use  of  Avooden 
material  for  railway  construction  may  be  effected,  the  following  suggestion  may 
tiud  proper  place  here,  describing  a  system  of  using  up  old  wooden  ties  practiced  on 
the  Netherlands  State  railways. 

The  best  wooden  ties  fail  at  the  point  where  the  rail  rests  on  the  tie,  while  a 
length  of  from  3  to  3i  feet  between  the  rails  remains  quite  solid.  Laymg  two  such 
lengths,  sawed  off  end  to  end,  they  are  joined  together  by  a  length  of  inverted  chan- 
nellron  let  into  the  timber,  so  that  its  web  lies  upon  the  upper  surface.  The  rail 
rests  on  the  channel  iron,  which  thus  prevents  it  from  wearing  into  the  tie.  (By 
bending,  the  l-m-20  cant,  if  retiuired,  can  be  given.)  The  sawing,  dressing,  boring, 
and  putting  together  of  these  compound  wooden  and  iron  ties  can  be  done  in  wet 
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weatluT  !)>•  tho  trackiiuMi,  thus  s;i\  in;:;  in  tiic  < o-^i.  I  lu'  layiiiLT  iihI  t:iin])inn  are  tlio 
.saiiM' as  witii  ordinary  tirs.  As  these  (■(nnpounil  lies  ha\f  lour  cud  laces,  thoy  oiler 
in(  riMsed  rcsistaiict'  t(»  hiti'ral  motion. 

In  July.  ISSI',  a  i|Uantity  of  thes(»  ties  wcic  i.iid  in  a  main  liiii'  tiiioiiuh  a  station, 
and  in  Seplendn'r  of  t  h«' same  year  a  further  niiuil)cr  on  a  main  line  eiirvt)  of  50 
chains  radius  and  a  i::radient  of  1  in  o\cr  w  hicli  lan  thirty  trains  a  day,  mxwvi  of 
tlwm  expresses.  l>ot  h  oi"  i  he^c  IcnLjths  h;i\  c  rci|iiircd  no  <  1  i tl'ereiit  treatment  from 
tho  adjoininii  Icnui hs  laid  w  ith  ordinar,\  wood  (ie>.  while  the  i^au^^e  has  remained 
exactly  true. 

In  a  similar  manner  may  l)e  joined  toi^ethei-  short  metal  wasto  pieces  whicli  are 
left  in  making,  steel  tics,  in  order  to  icduce  the  ])rice  of  tli(3  perfect  stool  tie,  the 
waste  i)ieees  l)ein<x  riveted  touother.  Thisattemi)t  to  jjroduco  a  cheap  steel  tie,  at 
least  for  sc»  <)n<lary  lines,  may  bo  eonsidenMl  (|uito  successful.  The  Xetliorlands 
State  railway,  in  dune,  ISSo.laid  a  nuinher  of  such  ties  on  a  curve  of  26  chains 
radius  with  a  jjradient  of  1  in  lii'.  Tiicst*  ties  have  shown  no  disadvantaoos  durinj; 
loadin*;,  unloadini;,  layini;,  or  tamping,  and  have  re(|uired  no  more  tampinj.^  than 
ordinary  ties  near  them.  There  are  six  dilVerent  types  of  these  riveted  ties,  in  all  of 
which  the  rivets  are  0.7i>  inch  diameter.  The  .joint  may  he  (>  inches  from  the  center 
of  the  tie,  so  as  to  allow  of  short  pieces  ])eing  used  up. 

The  newest  proposition  is,  for  the  sake  of  cheapening  iron  ties,  to  employ  soft 
cast  iron,  avoiding  the  expense  of  rolling,  or,  rather,  for  tho  same  price  to  give  more 
material  and  more  weight  to  tho  tie.  Such  ties  are  made  at  Plalbergerhiitte,  near 
Saarhriicken,  Germany,  and  are  capable  of  being  deilocted  (slightly)  without  break- 
ing, and  are  tough  enough  not  to  break  on  being  dropped  by  the  men  handling 
them.  They  cost  $1.60  per  ti(>  and  weigh  220  pounds,  instead  of  110  ]iounds,  the 
weight  of  the  Haarmann  tie. 

To  obviate  the  objection  of  danger  from  spreading  of  gauge,  the  writer  proposes  to 
conibine  with  this  cast  iron  tie  a  wooden  one,  for  the  purpose  simply  of  holding  in 
place  bolts  or  spikes  and  preventing  the  spreading.  Tho  wooden  ties  thus  used  are 
only  one-third  of  the  thickness  of  those  now  in  use,  allowing  a  saving  of  material. 
Longer  bolts  or  spikes  (by  tho  thickness  of  the  iron  tie)  are  to  be  nsed.  The  addi- 
tional cost  of  this  construction,  taking  original  wooden  ties  at  $1.20  (now  ^  =  40 
cents)  and  ten  ties  for  100  feet  of  rail,  gives  iJ]  —  5280  x  40  cents  =  $7.04  increased 
cost  {^^-  a  mile).— (^.  E.  Fenww,  Bulletin  Ko.  1, 1SS7.) 

STREET  RAILWAYS. 

In  this  (M)iiiitry  wooden  ties  and  stringers,  or  longitndinals,  are  com- 
monly used  in  street  railway  track,  and  being  bedded  in  tlie  earth 
decay  rai)idly,  unless  treated  by  some  preservative  process,  but  treated 
timber,  however  is  comx)aratively  little  used  for  such  work.  See  Kyan- 
izing,  Pjirt  iii.  Siu  h  construction  is  often  followed,  even  on  new  city 
lines  with  licavy  tratlic  and  heavy  electric  cars,  and  of  course  a  bad 
track  is  ilic  inevitable  result,  the  ties  ha\  ing  no  better  foundation  than 
the  loose  earth.  For  (^able  railways  concrete  and  iron  are  universall.Y 
used,  and  high-girder  rails  on  concrete  are  used  to  some  extent  (as  at 
Toronto,  Canada),  in  accordance  with  English  practice.  It  is  satisfac- 
tory to  note  that  the  Daniels  Steel  Railway  Tie  Company  is  making 
a  specialty  of  corrugated  ties  for  street  railways,  and  reported  in  July, 
1804,  an  order  of  4,000  ties  for  a  line  at  Terre  Haute,  Ind.  The  ties 
weigh  about  00  pounds  each.  ;md  cost  00  (tents  each,  or  74  cents,  includ- 
ing the  bolts,  nnts,  and  clamps»  The  Charleroi  local  railways,  Bel- 
gium, and  the  IJarmeu  Mountain  Railway,  Germany,  are  laid  partly  in 
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paved  streets.  Ordinary  T  rails  on  steel  trough  cross-ties  are  found 
very  satisfactory  in  niacadauiized  roads.  The  Budapest  (Austria)  tram- 
ways use  the  Demerbe  track,  the  rails  being  of  saddle  or  trough  section, 
of  different  weights.  The  hirger  are  5  inches  wide  on  top  (with  the  top 
grooved),  7  inches  wide  over  the  bottom,  and  6  inches  deep,  the  thick- 
ness varying  from  seven-eighths  inch  at  the  tread  and  0.50  inch  at  the 
groove,  to  0.3G  and  0.32  inch  at  the  sides.  At  joints  the  rails  are  keyed 
to  a  short  piece  of  saddle  form  fitting  inside  the  rail  ends,  and  tie-bars 
are  placed  at  intervals.  The  rails  are  filled  and  tamped  with  sand  or 
gravel,  and  a  stone-filled  trench  is  constructed  under  each  hue  of  rails. 
The  same  system  is  used  in  macadamized  roads  in  Cologne. 

Metal  ties  are  but  little  used  for  street  railway  tracks  in  this  country. 
On  the  Los  Angeles  Consolidated  Electric  Railway  old  T  rails  have 
been  used  as  ties.  The  track  is  3  feet  0  in(thes  gauge,  and  the  ties  are 
about  4  feet  4  inches  long.  Each  tie  consists  of  a  piece  of  T  rail,  head 
downward,  and  to  one  side  of  the  fiange  (resting  on  the  tlat  base  of 
the  rail)  are  riveted  two  Z-iroii  chairs  4  inches  high,  G  inches  long,  with 
flanges  3  inches  wide.  Each  chair  is  fastened  by  three  rivets.  Upon 
the  top  llnnge  of  each  chair  rests  the  side-bearing  girder  track  rail, 
secured  by  two  hook  bolts,  with  nuts  under  the  chnir  Hauge.  Crout 
is  tamped  in  around  the  rail  to  the  level  of  the  head  and  tread,  and  a 
low  of  granite  l)locks  laid  on  each  side  of  each  lail.  Tlie  track  and 
bit uiiiiiinus  rock  i)a\  ing  rest  ui)on  G  inch(\s  of  concrete,  and  ea(tli  tie 
is  in  a  trencii  18  inches  deep  and  0  inches  wide,  filled  and  rammed 
with  concrete.  At  rail  Joints  two  ties  are  placed  about  4  inches  apart, 
and  the  trench  is  1'2  inches  wide.  In  1SS7  the  Des  Moines  Street  Hall- 
way Company  had  hiid  1,000  metal  ties  made  by  the  riohnson  Company, 
costing  three  times  as  much  as  oak  ties.  They  weighed  30  to  40  pounds, 
cost  si. 2.")  each,  and  had  l  iveted  and  bolted  clamp  fastenings  for  the  rails. 
Thepaving  was  of  cedar  block  on  plank  flooring.  The  Johnson  Company 
rolled  a  metal  tie  section  in  1890,  but  could  Jiot  introduce  it,  as  the  ties 
cost  81.25  each,  and  were  really  not  as  serviceable  as  wooden  ties.  It 
has  therefore  abandoned  their  manufacture,  considering  them  at  x)resent 
impractical )le.  Mr.  (ieorge  B.  IJippee,  general  manager  of  the  Des 
Moines  City  Kailway  (Company,  stated  in  September,  1894,  that  the 
ties  above  mentioned  were  laid  on  a  narrow-gauge  track,  and  when  the 
gauge  was  changed  and  electric  traction  introduced  the  ties  were  taken 
up  and  disposed  of  as  scrap.  They  gave  good  service  while  in  use 
under  light  horse-car  traffic,  but  it  is  not  known  how  they  would  have 
done  for  the  heavy  electric  cars.  In  August,  1894,  the  Indianapolis 
Street  roadway  (Jompany  placed  an  order  for  4,000  of  the  Daniels  steel 
ties.  {See  Part  i.  United  States;  see  also  the  summary  at  end  of 
Ai^pendix  2.) 

There  is  no  doubt  that  the  ordinary  street  railway  track,  like  street 
paving,  in  this  country  is  in  general  very  inferior  to  European  track, 
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;m(l  \\\\^  Is  ;i  m;ilt<M  w  liicli  iiiiulil  well  Ix'  m;i<N'  I  lie  siihircl  of  iiiNCsti- 
uiitioii  ;i>  lo  (•<)>!.  cniciciicy,  and  ilmaltilily.  hy  llir  Aiin  ricaii  Street 
IJailw  ay  Associat  loii. 

roiM  Aur.i:  an  d  indi  si  imal  kaiian  a's  s. 
• 

'riic  ii>r  of  liulil  iiiclal  Irack  in  ixnlaMc  srcli(His  lor  use  at  miiics, 
(oicsls,  plantations,  coiistrnct  ion  worivs.  etc.,  was  noted  in  niy  <>ri«;inal 
rcpoi  t .  and  tlic  maimers  of  tliis  sjx'cial  class  of  railway'  material  cont  iniic 
to  do  a  ornod  I  tiisinos.  In  add  i  I  ion  to  the  makers  of  sncli  mat  eiial  (wit  h 
sw  itches,  cai  >,  cic..  and  all  a|)pliances)  noted  m  the ori.iiinal  i<'p()rt,  the 
lollowin^  ma\  he  mentioned:  Fi'iedrich  Krnpi),()r  Ivssen.  ( iei'nmny ;  A. 
Leurand.  ot  Mans.  i*>el.L;iiim ;  Orenstein  and  Ivoppel,  of  l>erlni  and 
( '()l(>.iine,  ( lerm.my.  The  track'  is  made  of  varions  «;ani;es,  and  with 
varions  weights  ol  rail,  to  accommodate  tlie  varions  pnrposes  for  which 
snch  railways  are  apidicahle.  In  this  conntry  ])ortable  railway  track  is 
Itnt  litth'  nsed.  ]n()bal)ly  the  oidy  places  beini;' on  a  fe^y  of  the  Louisiana 
sni;ar  cane  |)la ntations,  some  of  the  track  bein^'  of  the  Decauvillc  tyj)e 
(imported)  and  some  made  by  the  Oolwell  Iron  Works,  of  New  York. 
A  somewhat  similar  t\  i)e  of  track,  not  portable,  how^ever,  but  intended 
for  factories,  steel  wcn  ks,  mills,  coal  yards,  and  boiler  rooms,  etc.,  is  the 
Hunt  track,  made  by  the  0.  W.  Hunt  Co.,  of  New  York  {see  United 
States.  Ilnnt  ties).  This  is  .generally  of  21-inch  gauge,  and  consists  of 
light  T  1  ads.  riveted  to  shallow-trough  steel  ties.  About  3G  miles  in  all 
have  been  mannfactnred,  and  tlie  same  compan}^  manufactures  the 
switches  and  turntables,  cars  of  various  forms,  steam  and  electric  locomo- 
tives, etc.,  required  for  equipping"  and  operating  the  lines.  A  special 
pecniiarity  is  the  use  of  outside  flanges  on  tlie  Avheels.  Where  bolts 
are  used  to  hold  tlie  rad,  the  edge  of  the  rail  base  should  not  bear 
against  the  neck  of  the  1)olt,  as  it  is  liable  to  wear  and  cut  the  neck. 
{See  U.  S.  patents  Nos.  426877,  4;i()533,  and  5173G9.) 

CO^^^CLUSIOjS^S. 

The  various  points  connected  with  the  discussion  of  this  general  sub- 
ject ha\-e  been  already  i)retty  fnlly  dealt  with,  and  it  is  hardly  neces- 
sary to  make  any  repetitions  or  further  review  here.  The  report 
ceitainly  shows,  however,  that  tlie  introduction  of  steel  ties  is  rapidly 
increasing,  and  has  already  taken  effect  on  nearly  10  per  cent  of  the 
total  railway  mileage  of  the  world,  or  20  ))er  cent  exclusive  of  the  United' 
States  and  Canada.  Besides  the  importance  of  the  matter  from  a  rail- 
way point  of  view,  it  is  also  of  great  i!n[)ortance  from  a  commercial  and 
indnstrial  i)oint  of  view.  In  Belgium,  (iermany,  France,  and  England 
the  manufacture  of  steel  ties  is  an  iini)ortant  industr\ .  ( )ne  firm  alone 
111  Kngland  has  turned  out  130,000  tons  (or  2,800,000  in  number)  of  steel 
ties,  and  can  turn  out  10  meter-gauge  steel  ties  per  minute.    It  is  to 
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be  hoped  that  iDclustries  of  this  kiud  maybe  developed  in  this  country. 
The  followiii<;'  general  conclusions  may  therefore  be  presented: 

1.  Metal  ties  continue  to  be  used  very  extensively  and  their  use  is 
being  extended. 

2.  While  various  results  are  reported,  the^general  opinion  is  favor- 
able to  the  metal  track. 

3.  The  introduction  of  metal  ties  leads  to  an  iini)ortant  growth  in  the 
iron  and  steel  industries. 


fllSToi;ir\L  NoTKS. 


(Soc  plates  NO.  1  and  ").  1 

The  liistory  and  dcv clopiiiciil  of  iiuMal  track  liaxc  been  uixcii  in  soiiu*, 
detail  iii  in\  original  r("])()rt.  l)ut  witlioiita  cliroiiological  suniniary,  and 
m  ordci  to  make  tlic  ri'iKU  t  complete  the  following  general  statement 
has  been  aitpcndcd. 

T.O]S^GITUDINAI.S. 

i)Ain.()W  ( l-'iu.  1 ). — The  first  attempt  at  a  track  composed  entirely  of 
metal  was  made  by  Mv.  Barlow,  in  England,  whose  ''saddle-back"  rail, 
lirst  bronght  out  in  1849,  Avas  the  first  longitudinal  invented.  It  was 
otapi)roxinmtely  A  section,  with  concaveliaring  sides,  and  was  intended 
to  do  away  with  the  use  of  sleei)ers  and  chairs  altogether,  the  rail  being- 
laid  directly  upon  and  filled  with  the  ballast,  though  in  some  cases 
occasional  cross-ties  of  angle  iron  riveted  to  the  bottom  of  the  rail 
ai)pear  to  ]ia\-e  been  tried.  The  bearing  area  on  the  ballast  could  no 
doubt  be  made  sullicient  to  support  the  loads,  but  the  rail  was  vertically 
weak,  and.  unless  the  ballast  was  kept  absolutely  tightly  packed  into 
it,  rhe  concave  sides  of  the  rail  spread  elastically,  and  by  working  in 
and  out  gradually  displaced  the  ballast  between  and  below  them.  The 
Demerbe- track  {see  '-Street  Railways,"  on  [>.  IMH))  is  apparently  a 
<levelo]>ment  of  the  I>arlow  rail,  but  of  trapezoidal  instead  of  triangu- 
lar section,  or  rather  having  tliree  sides  instead  of  two. 

M  ACDONNEL  (Fig.  2). — In  1853  Mr.  Macdonnel  first  conceived  the  idea 
of  separating  the  longitudinal  from  the  rail,  and  his  track  (Fig.  2),  was 
laid  on  the  liristol  and  Ivxeter  Kail  way  (now  Great  Western  lJailway),in 
England,  in  is."),;,  as  noted  in  niy  former  report.  Mr.  Charles  Wood,  in 
a  pajx-r  ])resented  before  the  Institute  of  Civil  Engineers,  England, 
stated  that  the  track  on  wooden  cross-ties  required  in  1801  an  expend- 
itnic  lor  new  lines  of  $7,(178  per  mile.  At  the  same  time  the  estiinated 
cost  for  the  ^Macdonnel  track  w^as  85,1J(>2,  and  31r.  Wood,  taking  the  prices 
of  materials  in  1881 ,  estimated  a  probable  cost  at  that  time  of  84,300  per 
mile. 

r»Kii)(iES-Ai)A:^is  (iMg.  ;;).— lu  1853  M.  \\.  lUidges-Adams,  the 
English  reinventoi  of  the  fish  plate  jonit  (lirst  invented  in  America), 
l)ro])os(Ml  to  bolt  the  v<M  tical  websot  angle  irons  to  the  web  of  a  double- 
headed  rail,  the  horizontal  flanges  being  level  with  the  underside  of 
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the  rail  head  and  resting  ou  the  balhist,  but  tliis.did  ]iot  give  satisfac- 
tory^ results.  The  rails  were  connected  at  intervals  by  tiebars.  A 
somewhat  similar  system,  however,  with  angle  or  channel  irons  attached 
to  grooved  girder  rails,  has  been  used  on  some  German  street  railways. 

Hartwich  (Figs.  4,  5,  and  G). — In  1865  this  system  of  deep  girder 
or  T  rail  (see  pages  138  and  144  ami  plate  No.  12  of  original  report) 
was  experimented  with  on  the  Ehenish  railways  of  Prussia.  It  was 
intended  to  do  away  with  cross-ties  or  longitudinals,  the  rails  being 
laid  in  the  ballast  and  the  gauge  maintained  by  flat  tiebars  having  the 
ends  rounded  and  tlireadcd  for  the  nuts.  To  give  the  rail  an  inward 
inclination  wedge-sliaped  plates  were  introduced  between  the  nuts  and 
the  rail  web.  The  joints  were  spliced  by  heavy  angle  bars  and  two 
rows  of  bolts.  This  track  at  first  met  with  much  favor,  and  in  1870 
there  were  112  miles  in  use,  but  it  soon  began  to  be  abandoned,  and  in 
1880  there  were  only  10  miles  on  main  lines  and  31  miles  on  secondary 
lines.  On  the  Alsace-Lorraine  railways  (Fig.  4)  the  rail  was  7.2  inches 
higli,  4.8  inches  wide,  with  Joints  spliced  by  angle  bars  10  inches  long, 
an<l  two  rows  of  bolts.  The  tic-rods  Avere  1.04  inches  diameter,  9.84 
feet  apait,  and  c  loser  at  the  joints.  On  the  Bavarian  State  Eailways 
(Fig.  5)  the  rail  was  (i  inches  high  and  4.8  inches  wide,  Avith  joints 
spliced  as  above,  but  having  a  base  i)latc  bolted  under  the  rail  ends. 
The  tiebars  were  flat,  with  turned  and  threaded  ends,  and  were  spaced 
!).08  feet  ajjart,  except  at  joints,  where  they  were  2.20  feet  apart.  The 
rails  were  2!)  feet  long,  weighing  08.!  pounds  ])er  yard,  while  the  track 
comi)lete  weighed  l.Wi. 11  ]>oiiiids  per  yard,  'i'he  1  ails  were  very  large, 
but  ditlicnlties  of  rolling  did  n(»t  permit  the  llange  to  be  made  wide 
enough  to  give  the  track  a  satisfactory  bearing  on  the  ballast,  for  which 
a  width  of  S  to  0  inches  was  considered  necessary.  Fig.  6  shows  the 
system  of  drainage  for  these  longitudinals,  Avith  continuous  rubble 
drains  connected  by  cross  drains  Ki.^  feet  ai)art. 

Daelen  (Fig.  7). — In  1800  .Mr.  Scheffler  invented  a  longitudinal  sys- 
tem composed  of  three  parts,  with  a  separate  or  removable  rail  head, 
and  this  was  tried  on  the  Brunswick  railways,  Germany.  In  1867  Mr. 
Daelen  modified  this  design  and  obtained  a  sufliciently  strong  longi- 
tudinal, consisting  of  a  curved  base  i)late,  two  longitudinal  angle  irons, 
and  a  dovetailed  rail  head.  This  met  with  little  success,  owing  to  the 
the  cost  ot  manufacture,  the  constant  attention  needed  for  tightening 
the  bolts,  and  the  necessity  for  bending  the  several  pieces  hot  for  all 
curves. 

IIiLF  (Figs.  8  and  9).— In  1867  Mr.  Ililf  flrst  introduced  his  system 
of  longitudinal,  which,  in  the  original  form  or  types  derived  therefrom, 
has  been  extensively  used  In  Germany.  The  original  form  had  the 
section  of  an  E  laid  sideways  (m),  the  object  of  the  central  rib  being  to 
stiflen  the  top  table  under  the  rail,  but  it  was  soon  evident  that  this 
rib  prevented  a  uniform  tamping  of  the  ballast.  The  ordinary  form  of 
rail  was  also  used  in  place  of  the  52^-pound  rails  used  in  the  first 
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«'\|)t'iiiii('iit  s  malleoli  t  lit»  line  lictw  ecu  Ijiis  and  W'icshadcn.  ( )ii  tlie 
Alsa*  *'  Ltn  i  aiiic  rail\\a\  s  t  lie  ra i Is  were  ().•">!>  Inol  liiuli  and  wci^lu'd  7A\A 
I  Hill  lids  pel  yard,  w  liih'  t  lit-  I(Hi«;il  iidinals  were  1  L'  i  iiclics  w  idc.  l*.  1  inclics 
hi^li.  iM.d  fct't  loiiu.  and  wciulicd  ."»!)  pounds  prr  vard.  'Hicsc  liad  no 
(•(Mitral  ril).  I'lic  rail  joints  wrrc  sijliccd  by  licax  N  an.u'lc  bars,  hut 
those  ol'  the  loiiLiit  iidiiials  nnctc  not  S|)lici'd.  Tlic  rails  were  rastciicil  by 
bolti'd  clanijjs.  'I'lic  uauiic  was  iiiaint aincd  by  ani;]o-iroM  cross-tics  1\ 
feet  lonii,  wciuliini;-  LMi.'J  ])ounds  jx'r  yard,  which  were  bolted  to  the  rail 
liaii.iics  at  iiit('r\als  between  the  loiinil  udinals.  Koiiiid  tie  rods  were 
also  used,  with  threaded  ends  i);issiii<i-  throui;h  the  webs  ol"  the  rails 
and  secured  by  nuts.    'I'liese  rods  were  spaced  12.3  t'oet,  center  to  center. 

Kiii:msii  (Fi.u'.  10). —  Tlie  iiicouveniences  experienced  w  ith  the  Hilt 
t\  pe  led  tlie  eniiineers  ol"  t  he  lihenish  railways  (now^  the  ( '()lo<;ne  dix  ision 
ol  t]>e  Prussian  state  railways)  to  de\  ise  a  new  type  of  loni;itudinal,  of 
inverted  trough  section,  w  itli  the  bottom  edges  thickened  to  form  stif- 
I'eiiin-  ribs.  They  were  feet  lon<;,  0.05  foot  wide  oil  top,  0.08  foot 
w  ide  oil  the  bottom,  and  O.liO  foot  hi<j;li,  w"eighin<i'  Tli.O  pounds  per  yard. 
The  rails  weii»hed  GO._l  pounds  per  yard  and  were  connected  by  trans- 
verse tie  rods  or  gau<ie  rods.  The  joints  of  the  h)ngitndinal  saddle 
plates,  2.3  feet  long,  of  trough  section,  were  fitted  inside  and  secured  by 
the  same  bolts  which  held  the  rail  clamps. 

floiiKNEiaiEK  (Figs.  11  and  12). — In  1876  31r.  Jlohenegger  intro- 
duced on  the  Northwestern  Kailway  of  Austria  longitudinals  which, 
like  the  Khenish.  were  moditications  of  the  Tlilf  type.  The  first  pat- 
tern (Fig.  11)  very  closely  resembled  the  llhenish,  but  this  was  soon 
changed  to  conform  more  nearly  to  the  original  Hilf  section.  The  rails 
weighed  00  pounds  per  yard,  and  were  attached  by  bolted  clami)s,  as 
described  in  detail  in  Part  Xo.  i  (Austria).  The  longitudinals  Avere 
29.4  feet  long,  0.98  and  0.55  foot  wide,  0.24  foot  high,  and  weighed  58.8 
pounds  i)er  yard.  The  joints  of  rails  and  longitudinals  coincide.  The 
former  are  spliced  by  outside  angle  bars  and  inside  fish  plates.  The 
latter  are  spliced  by  saddle  plates  1.37  feet  long,  conforming  to  the 
interior  of  the  longitudinal,  and  these  are  secured  to  a  transverse  angle 
iron  (which  holds  the  rails  to  gauge)  and  to  the  top  of  the  longitudinal 
by  the  rail  l)()lts. 

HEUSiN(iEH  VON  WaldeCt(t  (Fig.  13). — This  system,  which  was 
tried  in  (Germany,  aimed  at  the  elimination  of  all  bolts.  The  rails  were 
of  bridge  section,  titting  over  a  rib  on  the  top  of  the  longitudinals,  and 
w  ere  secured  by  taper  keys  or  wedges  driven  between  each  side  of  the 
rail  and  a  loose  jaw  whose  lower  end  fitted  into  a  hole  in  the  longitud- 
inal. At  the  joints  Hat  i)lates  were  bolted  under  the  fianges  of  the 
longitudinals. 

Ha  ARM  ANN  (Figs.  11  and  15). — .'Mr.  Haarraaun's  first  longitudinal, 
used  on  the  Pight  Pank  of  the  Khine  Railway  (Cologne  division, 
Prussian  state  railways),  had  ridges  along  the  top  edges,  forming  a 
shallow  groove  to  receive  the  base  of  the  rail.     It  was  12  inches  wide 
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on  top,  and  weighed  47.4  ponnds  per  yard.  The  rail  attachment  con- 
sisted of  two  chimi^s  of  channel  shape,  the  top  flange  bearing  on  the 
rail  base  and  the  bottom  flange  on  the  inside  of  the  longitudinals.  The 
clamps  were  held  together  by  a  horizontal  bolt  passing  through  the 
longitudinal. 

Mr.  Haarmann  also  designed  a  compound  rail  and  longitudinal  com- 
bined (Fig.  15),  being  an  adaptation  of  the  Hartwich  type.  It  was  com- 
posed of  two  separate  parts,  each  representing  the  half  of  a  T  rail, 
0.05  foot  high  and  0.98  foot  wide,  weighing  about  175  pounds  per  yard. 
The  web  of  one  half  had  a  groove  fitting  a  rib  on  the  other  half,  to 
insure  accuracy  in  putting  them  together,  and  to  make  them  act  together 
under  loads.  Flat  iron  tie  bars  were  used  to  maintain  the  gauge,  and 
the  two  parts  are  laid  to  break  joint. 

Serres  and  BattKt. — This  system  of  longitudinals  was  on  the 
principle  of  the  Schefller  and  Daelen  systems,  above  described,  and  was 
first  used  on  the  Austrian  state  railways  in  1S77,  as  described  in  my 
original  report.    (1*1.  II  and  p.  15.").) 

MiscellaneoIj^s. — A  system  invented  by  ^Ir.  Kirsh,  and  said  to 
have  been  very  complicated  and  expensive,  was  tried  some  years  ago 
on  the  Great  Central  liailway  of  lielginni.  A  system  invented  by  Dr. 
Winkler,  and  tried  on  the  liight  Hank  of  the  Khine  Railway,  was 
similar  to  the  Hartwich  tyi)e,  but  had  a  renewable  head. 

rr.ATES  AXI>  JJOW  I.S. 

Li  VESEV  (Fig.  HJj. — Mr.  .lames  Livesey  is  said  to  have  first  introduced 
ties  made  of  separate  plates  connected  by  tie  bars,  and  two  forms,  used 
in  Fgypt  and  India,  were  shown  on  Pis.  17  and  20  of  the  original  report, 
while  a  form  somewhat  similar  to  the  latter  and  tricfl  on  the  (ireat 
Eastern  Railway  (England)  is  shown  herewith  in  f'ig.  1(1.  The  plate 
is  of  sheet  steel. 

CROSS-TIES. 

The  first  trial  of  metal  cross-ties  was  made  by  Mr.  LeCrenier,  in  bSOO, 
with  a  tie  of  U-section,  7.87  feet  long  and  0.82  foot  wide,  weighing  51.7 
pounds,  to  which  theT-rails  were  attached  by  bolted  clamps.  In  1802 
the  Couillet  Iron  Works,  of  Belgium,  tried  similar  ties,  weighing  about 
100  pounds  and  having  bearing  plates  or  cushions  of  wood  under  the 
rails.  Both  of  these  types  were  adapted  only  to  the  T-rail,  but  about 
the  same  time  an  experiment  with  a  tie  for  double-headed  rails  was 
made  by  Mr.  Osborne  Reynolds,  of  England,  He  proposed  to  cast  the 
chair  on  the  tie,  making  openings  iu  the  latter  to  allow  the  cast  iron  to 
flow  under  the  to])  table.  The  manufacture  presented  many  diflicul- 
ties,  however,  and  was  abandoned:  but  the  plan  has  been  revived 
recently  on  the  Western  Railway  of  France,  as  recorded  in  Part  i. 

Legrand  (Figs.  17  and  18). — In  1803  Mr.  Legrand  used  a  rolled  tie 
of  trough  section  with  horizontal  bottom  flanges  and  two  clamps  riveted 
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to  tlu'  top.  A  Itciii  ate  tio  liad  tlio  (•l:iiiii)s  lit  t  iiii;-  the  outside  of  tlic 
rail,  and  llioollicrs  had  llicm  liltiiiu'  tlic  inside.  In  I  i-ack  la  yini:  the 
ties  w  il  h  onl>ide  elaini)s  were  lirsi  laid  and  I  he  ra  i  Is  |»lae<'d  upon  them. 
The  all»Miiale  tn'S  with  inside  elain|)S  were  ilieii  ])nl  in  pnsitioii  at  siicii 
an  anule  as  to  allow  of  the  (dain|)s  lit  I  in-'  (►\  cr  t  he  lail  llan-c,  and  these 
were  then  brought  scpiare  aeioss  the  track  1  )\  li ea \  y  1  do ws.  kSiicIi  a 
system,  w  hi  le  practicable  I'or  liuiH  tracdcs,  as  in  mines,  et  c,  is  objec- 
tionable tor  main  t  racks. 

\  Al'Tiii;iM\  (  I'ius.  IDtnLlTi. —  In  bS(i|  Mr.  N'aiitherin  invented  the 
tie  which  i^  li-enerally  known  by  his  name,  and  whieii  lias  been  the 
basis  of  numerous  patented  and  un|)atented  designs  of  ties.  The  lirst 
tiials,  on  the  Northern  Railway  and  Paris,  Lyons  and  jMediterranean 
Kaihva.w  l-'rance,  did  not  <^i\  e  N  ery  satisfactory  results  and  a  series  of 
modi ticat ions  followed.  On  the  Alsace- Lorraine  railways  (I'ig's.  11),  lit)) 
the  tie  had  the  edii'es  streniithened  by  ribs,  which  did  not  interfere 
with  tanii)inii.  The  rails  were  fastened  by  bolted  clanii)S,  and  the 
inward  inclination  of  1  in  IM)  was  given  by  bending  thetieona  teiui)let 
to  a  radius  of  o.i'SO  feet.  On  the  Main-Neckar  IJailway  the  original 
Ibrm  of  the  tie  was  used  (Figs,  lil,  22,  23),  Avitli  horizontal  lower  flanges, 
which  i)roved  to  make  track  laying,  ballasting,  and  tamping  difficult. 
The  tie  was  there  called  the  "  Rhenish''  type.  The  rails  w^ere  fastened 
by  bolted  (damps,  and  the  rail  seats  were  inclined  1  in  20,  in  what  is 
known  as  the  Hosch-Lichthammer  method.  The  form  adopted  in  1867 
is  show  n  m  Fig,  24.  The  Paris,  Lyons  and  Mediterranean  IJaihvay 
laid  the  original  form  of  Vautherin  tie  in  18G7  on  the  line  from  Oran  to 
Algiers,  whicdi  forms  a  part  of  its  Algerian  systen>.  The  ties  (Fig.  25) 
were  7.87  feet  long,  0.85  foot  wide  on  the  bottom,  0.20  foot  wide  on  top 
(0.42  foot  for  joint  ties),  0.33  foot  deep,  and  0.28  inch  thick  at  the  top 
table.  They  weighed  77  i)ounds  each  and  w^ere  spa(;e(l  3.28  feet  apart. 
The  lails  w  ere  of  T  section,  fastened  by  jibs  and  cotters,  as  shown  on 
Plate  No.  17  of  original  report.  The  5,000  ties  laid  in  18G7  on  the 
Xorthern  Ivailwaj'  of  France  proved  unsatisfactory,  and  it  was  said 
that  there  were  too  many  parts,  and  that  the  ties  had  not  suflicient 
anchorauc  in  the  ballast.  On  the  Holland  Kailway  an  inclined  tie  plate 
was  placed  under  eacdi  rail  and  secured  by  the  rail  attachment  bolts 
(Fig.  20).  On  the  Wiirtemberg  Ivaihvay  the  ui)per  table  of  the  tie  was 
thickened,  so  as  to  give  a  better  hold  to  the  rail  fastenings,  as  shown 
111  fig.  27.  They  were  also  used  in  Belgium  and  on  the  Alsace-Lor- 
raine railways. 

BER(i  AND  Makciie  (Figs.  28,  29,  30).— This  was  tried  first  on  the 
Berg  and  iMarche  Kaihvay  (now  the  Elberfeld  division  of  the  Prussian 
state  railways),  004  ties  being  laid  in  1807,  by  Mr.  Jungbecker,  engineer 
of  maintenance  of  way.  They  w  ere  7.2  feet  long,  weighing  02.7  pounds 
each,  and  were  laid  2  feet  apart  in  well-drained  sand  ballast.  The  rails 
were  attached  by  gibs  and  cotters.  During  the  first  three  years  the 
track  was  good  and  easy  riding,  and  the  maintenance  was  as  easy  and 
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cost  about  the  same  as  on  ordinar}^  track,  but  after  that  time  the  holes 
for  the  rail  attachments  became  enlarged,  cracks  occurred,  and  the 
experiment  was  abandoned.  In  1874  a  more  imj^ortaut  exi^erimeut 
was  made  in  the  Ruhr  A'alley,  25,000  ties,  somewhat  stronger  than  the 
above,  being  laid  in  a  ballast  comi^osed  of  Hint  mixed  with  clay.  Some 
of  them  were  on  a  steep  grade  and  others  on  a  curve  of  1,312  feet  radius. 
These  ties  were  selected  after  unsatisfactory  experience  with  the  orig- 
inal form  of  Vautherin  ties.  From  the  first  year,  in  spite  of  the  care 
with  tlic  attacliments,  the  holes  became  enlarged,  but  this  trouble  was 
obx'iated  later  by  the  use  of  steel  instead  of  iron  for  the  ties.  These 
ties  have  been,  in  use  on  the  Hesse-Louis,  Baden,  and  l*russian  state 
railways  in  Grermany  and  on  the  Western,  the  Simplon,  the  St. 
Gothard,  and  the  Northeastern  railways  of  Switzerland.  On  the 
Hesse-Louis  line  (Fig.  30)  the  gauge  is  adjusted  by  means  of  eccentric 
shoulders  on  the  bolts,  while  on  the  I>aden  lines  this  was  etfected  by 
means  of  a  special  ])late  or  washer.  The  inward  inclination  of  the  rail 
was  given  by  cnrving  the  tic  or  by  bending  the  ends. 

Mena>«'S  (Fig.  .■)!). — About  half  a  mile  of  track  between  Byans  and 
Tori)es,  on  the  Paris,  Lyons  and  -Mediterranean  Railway  (France)  w^as 
laid  with  these  ties  from  1S<)4  to  l>7i*. 

Paris,  Lyons  and  ]\Iediterrani:an  Railway  (Fig.  32). — The  tie 
of  type  A,  Fig.  32,  was  in  use  from  18(>7  to  1809  between  Maisons-Alfort 
and  VilhMieuve-St.  (leorge.  and  between  Malains  and  ^^'lars,  but  the 
results  were  far  from  satisfactory.  The  fastenings  worked  loose,  the 
ties  crackiMl  in  tiie  angle  at  the  right  of  l  h<' ri\-ets  which  fastened  the 
chairs,  and  tlie  Joint  ties  broke  above  the  angle  iron,  which  was  intended 
to  strengthen  the  tie.  The  type  li,  which  dilfered  from  A  only  in  the 
rail  fastenings,  was  tried  on  tlie  (Irasse  branch  Ibr  eight  or  nine  months 
in  l<S71-"72.  l)nt  the  rcsnlts  were  not  satisfactory,  tlie  fastenings  being 
too  weal<. 

Bri'NON  (Fig.  33). — This  steel  tie  (page  1)2  of  original  report)  was 
]uit  down  between  Rive-de-Gier  and  Lorette,  on  the  Paris,  Lyons  and 
^Fediterranean  Rai]wa3\  but  the  experiment  only  continued  from 
August,  1S77,  to  Septend)er,  1878,  in  consequence  of  numerous  frac- 
tures which  occuried  at  the  rail  seats. 

Wood  (Fig.  34). — These  trough  ties,  with  key  and  clamp  fastenings, 
as  used  on  the  Northeastern  Railway,  England,  were  8.4  feet  long, 
0.112  foot  wide  over  the  bottom,  with  a  uniform  thickness  of  0.4  inch. 
The  clamps  are  2^  inches  wiih',  and  aic  inch  iliick  wliere  the  jaw 
grii>s  the  rail  flange. 

Haakmann  (Figs.  3.J,  30,  37). — This  tie  comes  next  in  order  of  date, 
and  was  used  on  the  right-bank  and  left-bank  railways  of  the  Rhine, 
and  in  Alsace-Lorraine.  The  section  is  similar  to  the  Haarmann  longi- 
tudinal, but  the  fastenings  are  vertical  bolts.  On  the  left-bank 
(Rhine)  railway  the  ties  are  curved  lengthwise;  on  the  light  bank 
(Rhine)  railway  the  rail  seats  are  inclined  on  the  Hosch-Lichthammer 
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system,  and  on  (lie  A  l>;u  <'  Lori  ainc  railw  av>  i  I-'i^.  ."IT )  a  ImolKcd  t  ic  i)Iate 
was  uxmL    [  Srr  I'arl  i.  ( ; criiiauN . ) 

Ll\  l:sl;^  \  ."V.h. — 'I'liis  is  a  dcx clnpincnt  ol'  tlic  la\ cscy  |)laU'  tie, 
bcinn  a  pressed  >teel  trouuli  tie.  At  each  rail  seat  aic  two  <-Ia!ii])s 
seeiire(l  hy  t\\(»  ri\'e!s  each.  I  lio  outer  one  Ix'ars  on  the  llaii^c  ol  tlic. 
rail,  w  iiile  t  lie  inner  one  has  a  steel  key  dri\  (Mi  het  w  cen  it  and  the  rail. 

Next  to  these,  ill  api)r().\  iiiiat  e  order  of  date,  ina.\  he  nieiitioned  the 
I  leindl  t  ie  ,  A  n>tiia)  {V\ix.  10),  I*ost  tie  (Holland),  ( India  ii  me  tie  ( !*:asterii 
Railway  ot"  I'ra'iee ).  Se\ ci-ae  and  lieriiiird  ties  (Northern  Railway  of 
l"'ranee and  i^mllet  and  Lun  alette  tie  (State  Ixiiilways  ol  l-'rance).  All 
of  these  ha\  i'  bt'cn  described  and  illiistriited  in  the  reports. 


It  would  not  be  lair  to  (dose  this  historical  review  witluuit  reference 
to  the  very  (daborate  and  comprehensive  historical  and  deserii)tive 
work  Das  I-^senbahn  (leleise''  (Railway  Track),  written  by  the  well- 
known  German  engineer,  Mr.  A.  llaarnianii,  general  director  of  the 
(leorg-Marien  Iron  ^^'ol•ks  at  Osnabruck.  This  bo;)k  was  pul)lished  in 
ISOl.  It  is  in  two  volumes,  with  <S52  pages  and  l,So7  illustrations  in 
the  text.  Mr.  llaarinann  is  well  known  as  one  of  the  leading  German 
authorities  on  railwa.\'  matters,  and  he  has  devoted  much  time  to  the 
investigation  of  the  history  and  development  of  raihvay  track,  the 
study  of  w  lii(  h  he  lias  made  a  specialty.  He  was  one  of  the  first 
engineers  to  introduce  the  question  of  metal  track  for  modern  railways, 
and  is  the  inventor  of  several  forms  of  metal  track  which  have  been 
used  in  Germany  and  elsewhere,  as  described  in  this  and  my  former 
re])ort.  The  tra(dv  of  modern  American  railways  is  treated  (juite  fnlly, 
a  leature  in  which  Mr.  IIaarmann\s  book  differs  essentially  from  most 
other  tbreign  publications  on  railways.  The  subjects  treated  are  as 
Ibllows,  ea(di  being  traced  from  its  earliest  history  to  recent  practice  iu 
various  countries:  ''llads;"  "  Cross-ties  and  longitudinals  of  wood, 
iron,  and  stone;"  '-Iron  and  stone  blocks  and  bowls  for  ties;  "  Fasten- 
iiigsof  rails  to  ties;"  Rail  Joints;''  ''Self-sup[)orting  rails;"  "Switches 
and  trogs;  '  Ballast  and  drainage;''  "Maintenance  and  repairs."  In 
the  i)art  referring  to  metal  ties  a  large  amount  of  the  material  is  quoted 
from  my  former  lepoi  t.  and  numerous  varieties  of  metal  track  construc- 
tion are  illnsl rated. 
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\V()()i)i:x  TiKs.  im;i:skkvative  processes,  and  metal  tie 

PLATES. 


GENERAI.  REMARKS. 

In  otlier  reports  issncd  by  t  lic  r'orestry  ])ivisioii  the  subjects  ofecon- 
oiii_\-  ill  Xhv  use  of  wooden  ties,  and  llie  necessity  for  the  i^roiupt  adop- 
tion and  caiTyiiig  into  clVcci  of  a  system  of  forestry  and  timber  conser- 
vation, lia\('  been  fully  dealt  w  ith.  While  the  a^ure.uate  consumption 
of  tind)er  amounts  to  a  serious  liiiure,  a  more  serious  matter  is  the  fact 
tlnit  this  (■onsumi)tion  rei)res('nts  but  a  part  of  the  total  annual  removal 
of  standin,^-  timbei-  and  reduction  of  the  timber  i-esources  by  the  reck- 
less and  wasteful  methods  of  cut tiiiii,  the  wholesale  illegal  cutting  of 
tiiid)er  on  (loNci  iiment  and  private  lands,  and  the  destruction  by  forest 
tires.  Consideration  of  all  these  matters  siiow  s  tin'  necessity  not  only 
for  a  wise  economy  in  the  use  of  timbci'  but  also  the  necessity  for  forest 
protection.  The  treatment  of  timher  roonrci  -  as  a  source  of  revenue 
To  the  (b)vernment,  and  the  coiivcijuent  j»lacin,ii  of  these  resources  under 
tlu^  char-'eof  a  skilled  body  ol  men  as  a  ( JoN  ernment  bureau  to  regulate 
the  (aitt ing.  reforestation,  etc..  haxc  been  so  markedly  successful  in 
other  countries,  that  I  am  impelled  to  strongl\'  urge  the  adoption  of  a 
similar  system  of  tbrest  regulation  b\  tiu'  (io\ernment  of  the  United 
States. 

1'he  desirability  of  economy  has  been  based  u[)on  the  consideration 
that  coii>nmi)tion  of  timl)eri!i  t his  con ntry  in  general  is  e.\ces>i\e,  as 
compared  with  repro(ln(;tion,  and  that  tie  material  especially  is  largely 
(leri\-ed  from  young  t  ices,  thereby  curtailing  the  needful  supplies  of  the 
flit  lire. 

IbiellN-  recauit niat iiig  statistics  a^  gi\-en  in  the  previous  bulletins,  it  ' 
ma\-  be  stated,  that  witli  an  a  vera of  L'..'")i)0  ties  per  mile  the  230,000 
miles  of  track,  ineluding  .scrond.  t  hiid.  loiii  i  h.  and  side  tracks,  represent 
57o,0()U,000  ties  in  service.  Kenewals  re(|uire  annually  upwards  of 
7."),()()0,()00  ties,  new  construction  b3,()(M),(l()l)  ties,  or  the  total  annual 
consumi)tioii  in  round  numbers  of  !K),00(),0()()  t  le-  (M|ua!  t  o  ()()(). 000 
cubic  feet  of  forest-grown  material,  to  \vliich  .some  (lo.iKio.nnii  en  1  hc  feet 
for  bridges  and  trestle  work  must  be  added,  nialving  total  consumption 
for  railway  puri^oses  exceed  500,000,000  cubic  feet.    This  requires  the 
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annual  culling  of  tLe  best  timber  from  probably  more  than  1,000,000 
acres  and  the  annual  product  of  at  least  50,000,000  acres  in  good  condi- 
tion, or  more  than  10  per  cent  of  the  present  forest  area  of  the  United 
States  reserved  for  this  one  use  alone. 

Wooden  ties  will  undoubtedly  continue  to  be  generally  used  in  this 
country  for  many  years,  but  great  economy  in  their  use  can  be  effected, 
to  the  benefit  of  the  railways  and  of  the  country  in  general.  The  use 
of  preservative  processes  to  prevent  decay,  and  of  protective  metal  tiei- 
plates  to  i)revent  the  wear  and  disintegration  (and  consequent  local  rot) 
under  the  rails,  may  be  made  to  effect  a  direct  economy  by  increasing 
the  life  of  the  ties,  reducing  the  expenses  of  renewals,  and  enabling 
cheaper  and  (if  untreated)  inferior  timbers  tobe  effectively  used,  besides 
making  a  better  track  which  requires  less  Avork  for  maintenance.  The 
adoption  of  such  preservative  and  protective  methods  is,  therefore, 
strongly  to  be  advocated.  Greater  care  in  inspection  lor  renewals,  so 
as  to  insure  that  the  ties  are  allowed  to  give  their  full  effective  life,  will 
also  result  in  economy,  as  lias  been  a!iq)ly  proved  by  engineers  of  main- 
tenance of  way.  Still  another  means  of  economy  is  the  use  of  some 
more  etVicient  rail  fastening  than  the  ordinary  si)iUe,  which  is  insufti- 
cient  foi  the  heavy  rails  and  heavy  traffic  of  busy  main  tracks.  It  is 
not  witliin  the  scope  ot  this  i)iesent  report,  however,  to  go  into  the 
details  of  tht'sc  matters.  As  an  instance  of  the  practical  eccmomies  to 
be  thus  ef[ecti'(K  liowcvcr,  I  give  tiie  following  extract  from  a  letter 
written  to  inc  in  .M;iy,  18!)2,  by  Mr.  0.  T.  lliintingtou,  i)resident  of  the 
Soutlurn  Railway: 

Oui  people  (»n  tlio  I'acilie  Coast  believe  that  so  long  as  redwood  ties  can  be 
olttained  at  auythiii;^  hko  the  present  prices,  they  will  be,  for  some  time,  the  cheap- 
est tie  for  them  to  use.  They  are  now  trying  to  obviate  the  only  objection  to  red- 
wood tie.s,  i.  e.,  rapid  wear,  by  the  use  of  tic  ]>lates;  and  if  they  succeed  in  tliis,  with 
mo«lerate  cost,  the  service  of  the  tie  can  be  i>rolongcd  for  a  number  of  years.  As  an 
illustration  of  the  life  of  this  tie,  wo  took  up,  in  18'J0,  redwood  tics  laid  in  1855,  near 
Fols(un,  on  the  Sacramento  and  Phicerville  road,  which  were  perfectly  sound,  but 
the  base  of  the  rail  had  worn  the  tic  from  its  original  thickness  of  five  inclies  to 
three  and  one-half  inclics. 

In  ilic  tic  timber  exiiibit  of  the  Forestry  Division  at  the  World's 
Columbian  E\i)osition  at  Chicago,  in  ISO.i,  there  was  a  redwood  tie  of 
''black''  redwood  (the  best  quality),  which  had  been  in  service  for 
twenty-three  years  (1870  to  1<S93)  near  San  Jose,  Cal.,  on  the  Southern 
Paciftc  Railway.  The  ordinary  life  of  these  ties  is  five  years  and 
ui)wai  d,  but  they  rarely  fail  from  decay,  being  cut  out  by  the  rails, 
which,  however,  is  now  prevented  by  the  use  of  metal  tie  plates.  There 
was  also  a  tie  of  red  fir,  which  was  in  the  track,  under  light  traffic,  on 
tlie  Central  Pacific  Pvaihvay,  for  twenty-five  years  (1869  to  1893),  having 
been  laid  on  an  'salkali  flat"  and  preserved  by  the  salts  in  the  earth. 
Similar  ties  in  ordinary  soil  last  from  six  to  eight  years.  It  is  said  that 
there  are  numerous  spots  In  New  Mexico  where  the  soil  is  impregnated 
with  alkali,  so  much  so  in  places  that  no  vegetation  can  live.    In  other 
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places  iiotliiiiii"  hnt  a  wortlilcss  salt  <j:rass  thrives.  W'licrc  tlic  loadbed 
lias  been  made  owv  these  s])()ts  it  is  noticeable  tli;il  (lie  tics  li;i\('  imt 
decayed,  iiian\  i>l'  tlic  on^^iiial  untreated  tu's  l;iid  in  ls7!t  bein<;"  still 
pert'ectlx  sound.  It  is  cousidcrcd  not  iniprobnbic  tiiat  the  snl)stance 
with  w  liicli  these  soils  ai'e  inipreiiinited  nn.uhl  be  utilized  in  soineeheni- 
ieal  process  Ibi-  the  preser\at  ion  of  timber. 

AVOODKN  TIES. 

There  is  no  e('oiH)my  in  the  use  ol"  ties  of  poor  ([uality.  The  cost  of 
placinii  is  the  sanu'.  they  liive  worse  service,  they  require  more  frequent 
attention,  and  the  maintenanee  and  renewals  therefore  cost  more,  while 
the  more  lre«|uent  disturbance  ot  the  ballast  and  tra(;k  makes  it  almost 
impossible  to  maintain  a  good  riding-  track.  It  is  therefore  no  economy 
to  buy  a  lot  of  ties  simply  because  they  are  cheap.  An  important 
economy  obtained  by  the  use  of  good  ties  and  of  methods  of  increas- 
ing their  life  is  the  lessened  disturbance  of  the  track,  thus  permitting 
the  ties  to  find  a  solid  bearing  in  the  ballast  and  remain  ui)on  it.  In 
this  lies  one  of  the  reasons  for  maintenance  economy  with  good  metal 
ties,  which,  when  once  well  seated,  may  be  left  for  many  months  with 
very  little  work  on  the  ballast. 

White  oak  is  the  best  wood,  both  for  wear  and  durability  combined, 
being  very  hard  and  slow  to  rot,  but  generally  fails  rather  by  decay 
than  by  wear.  Its  average  life  is  about  eight  years  under  heavy  traffic, 
though  it  sometimes  lasts  twelve  years.  Burr  or  rock  oak,  post  oak,  and 
chestnut  oak  are  second  in  value,  but  chestnut  oak  cut  in  May  or  June 
for  tan  bark  must  be  seasoned  difi'erently  from  that  cut  in  the  winter. 
These  oaks  last  about  six  to  ten  years,  and  are  largely  used  for  switch 
timbers.  Pin  oak  is  a  medium  quality.  Black,  red,  and  yellow  oak, 
which  are  frequently  named  indiscriminately,  are  decidedly  inferior 
species,  lasting  only  about  four  or  tive  years  as  a  rule,  and  as  they 
decay  from  the  interior  they  are  somewhat  treacherous.  Oak  ties 
usually  decay  lirst  in  the  part  bedded  in  the  ballast. 

Pine  is  very  largely  used  in  its  numerous  varieties,  of  whicli  yellow 
and  white  pine  are  the  best,  as,  although  they,  es])ecially  the  latter, 
are  soft,  they  are  slow  to  decay,  and  last  from  seven  to  eight  years  under 
heavy  traflic,  or  ten  years  under  light  traliic.  The  objections  to  tapped 
pine  (or  timber  from  whicli  the  turpentinehas  been  drawn)  on  the  ground 
of  inferior  strength  and  ([uality,  have  been  proved  to  be  groundless. 
There  is  also  little  reason  for  si)ecihcati()ns  that  exclude  long-leaf  jnne 
grown  north  of  South  Carolina,  except  that  as  most  ot  such  timber  in 
that  region  has  already  been  cut  it  is  doubttul  if  it  can  be  obtained 
in  quantity,  and  the  danger  of  substitution  is  hence  greater,  especially 
as  few  persons  can,  in  a  lot  of  timber,  distinguish  one  si)ecies  of 
Southern  pine  from  the  other.  Yellow  pine  is  very  extensively  used, 
and  will  decay  in  about  six  years,  though  it  will  resist  wear  for  ten  or 


214 


WOODEN  TIES  PRESERVATIVE  PROCESSES. 


even  twelve  years.  It  is  often  preferred  to  oak  for  brid^-e  ties,  as  it 
does  not  warp  or  tvrist  so  mucli. 

Chestnnt  is  equal  to  oak  in  point  of  durability.  White  chestnut  may 
last  ten  j^ears  on  tangents  or  under  light  traffic,  but  with  heavy  traffic 
it  cuts  under  the  rails,  and  on  curves  it  does  not  hold  the  spikes  well. 
The  ties  have  a  tendency  to  split,  and  they  usually  decay  first  in  the 
part  above  the  ballast. 

The  various  cedars  are  good  and  durable  timbers,  red  and  white  cedar 
being  used.  They  last  for  ten  or  more  years,  but  with  heavy  traffic 
their  softness  leads  to  cutting  under  the  rails,  and,  like  chestnut,  the 
wood  does  not  hold  the  spikes  well  on  curves. 

Tamarack,  or  liackinatack  (larch),  is  very  comnionly  used,  and  will  last 
from  live  to  ten  years,  or  more. 

lilack  cypress  is  much  used  in  the  South,  where  there  is  an  abundant 
supply.  It  is  soft,  but  durable,  lasting  perhaps  ten  years  if  protected 
by  metal  tie  plates. 

[lendock  is  as  a  rule  neitlicr  liard  nor  durable,  and  its  life  is  very 
variable.  It  is  extensively  used  on  account  of  its  cheapness,  but  is  not 
used  for  first-class  track.  It  gets  soft  under  the  rails  and  at  the  spike 
holes.    Spruce  is  about  the  same,  lasting  three  to  seven  years. 

Redwood  is  extremely  dnral)l(%  but  being  soft  it  cuts  badly  under  the 
rails.  Its  ordinary  life  on  the  Sontliern  Pacific  Railway  is  from  live  years 
nj»\\  ard.  depending  upon  tlie  trallic,  but  some  specimens  of  ''black  red- 
wood "  (the  best  (piality)  hist  over  twenty  years.  The  ties  usually  fail 
by  cutting  out  under  the  rail,  whicii  may  be  prevented  by  the  use  of 
metal  tie  plates. 

Red  beech  and  red  elm  are  fairly  hard  and  durable.  Black  locust, 
which  is  a  quick-growing  timber,  and  liickcn  y  are  good,  but  scarce,  and 
have  a  life  of  about  seven  to  ten  years.  Maple,  ash,  birch,  cherry,  but- 
ternut, and  white  beech  are  of  little  value,  and  maple  especially  rots 
ra])idly.  while  cherry  tends  to  s])lit  in  spiking.  Mulberry  and  black 
walnut  are  used  to  a  limited  extent,  ami  mes(iuite  and  catalpa  are  also 
used  in  the  Southwest. 

According  to  the  statistics  presented  in  Bulletin  iv,  the  distribution 
is  about  as  follows,  in  percentage  of  the  total  number  of  ties  in  service: 


Ver  cent. 

Oak   60 

Pine   20 

Cedar   6 

Chestnut   5 

Ilendoek  and  tamarack      3 

Redwood   3 

Cypress   2 

Various    1 


The  following  tal)le  shows  the  life  of  ties  on  a  number  of  railways,  but 
it  must  be  borne  in  mind  that  the  life  varies  considerably  in  different 


\V()()i)i:\  Tii's.  21;") 

sections  of  (lie  coiiiil  ly  ;m<l  on  di ricicii I  r<ta(ls,  ()\\  iiiii  to  1  lir  \';ir\ iiif^- 
(jiialilics  of  tlio  same  s|)(M'M's  of  liiiibci'  and  h*  the  xaryiiii:  c*)]!!!!!  ions 
of  c'liinatr.  wcat Ikm'.  roadix'd,  and  Irallic  Koad>  \viii(di  obtain  tics 
<-oii(iiiiially  tV(»ni  one  sect  inn  oT  I  In*  connny  ollcn  lind  lliai  the  lilcol" 
tlic  tics  is  i^iadnally  Itccoininu  less  as  the  tindicr  resources  hceonie 
l)ieke(l  o\ c;  . 

'l'ic>  usnally  I'aii  by  s|MUe. killing  "  and  <ail  t  in.u  (Mi  ciii  x'cs,  and  lia\'e 
to  he  tak<'iiont  lor  tiieir  iiiahilit>'  to  hold  I  he  l  ails  to  .iiaufi'c.  allhou.i^h 
they  would  be  liood  Ibr  two  oi'  three  years  iiKU'c  on  tanu'ents.  'Vint  ties 
usually  last  lon,u(M'  in  ^'ood,  well-drained  ballast,  (lepeudin.i;-  somewhat 
upon  the  Ibrm  of  cross  section,  but  in  some  sandy  soils  th(;y  decay  even 
(|uickei-  than  in  clay  soil,  the  former  supply  in<;'  the  warmth,  air,  and 
moisture  necessary  for  fermcMitation,  while  the  latter  excludes  air  and 
warmth.  The  M inneai)olis,  St.  Paul  and  Sault  Sainte  Marie  Railway 
linds  that  ties  in  sand  ballast,  level  with  top  of  tie  and  extendinf]^ 
1-  inches  beyond  the  ends,  give  fully  one  year  less  service  than  in 
liravel  ballast  sloped  from  L  inch  above  the  tie  at  the  middle  to  3  inches 
below  the  top  at  the  ends,  and  last  best  on  the  prairie  lines  with  loam 
ballast  -  i Indies  above  the  tie  at  the  middle  and  sloped  to  the  bottom 
at  the  ends.  The  traihc  is  lighter  on  the  i)rairie  lines.  On  the  Mis- 
.souri,  Kansas  and  Texas  Railway  ties  of  white  oak,  post  oak,  burr  oak, 
cherry,  and  sassafras  have  an  average  life  of  six  to  seven  years  in  natural 
soil,  and  eight  years  in  broken-stone  or  gravel  under  the  usual  traflic  of 
Western  roads.  The  Allegheny  Vallej^  Railway  finds  that  good  white 
oak  ties  in  well-drained  broken-stone  ballast  average  about  nine  years 
under  a  traffic  ol  4,500,000  tons  per  annum.  The  Central  Railway  of 
Xew  Jersey  tinds  that  lirst-class  oak  and  yellow  x)ine  ties  on  main  tracks 
last  al)out  eight  years  in  stone  or  engine  cinders,  and  a  little  less  in 
gravel.  On  the  ITnion  Pacific  Railway  vSystem  the  average  life  in  differ- 
ent localities  and  under  different  conditions  is  as  follows: 

Colorado  Division. — Natural  ballast  and  moderate  traffic :  Oak,  ten 
years;  red  spruce,  eight  years;  pine,  five  years. 

Idaho  Division. — (irav(d  or  sandy  ballast:  Native  yellow  pine  ties,  six 
to  eight  years  under  heavy  traffic,  and  twelve  years  under  light  traffic. 

Kansas  Division. — White  oak.  six  years  with  heavy  and  somewhat 
more  with  light  traffic. 

Pacific  Division. — Oravel  ballast  and  ordinary  traffic:  Fir,  six  years; 
tamarack,  five  years;  mountain  pine,  four  years. 

Wyoming  Division. — White  oak,  ten  years;  white  cedar,  eight  or  nine 
years;  burnetti/ed  i)ine.  seven  to  nine  years;  pine,  six  years  in  clay  or 
gravel  ballast,  and  five  years  in  sandy  soil;  Oregon  fir  and  pine,  four 
years  in  gravel,  sand,  and  loam,  six  years  in  alkali  earth. 
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Life  of  raihray  ties. 


Railway. 


Delaware  and  Hudson. 

Do  

Lake  Shore  and  Mich- 
igan Sovithern. 
Lebigli  Valley  

Do  

Do  

Do  

Pennsylvania   

Do  

Allejrlieny  Valley  

Central  of  NewJersev. 

Do  

Do  

Baltimore  and  Ohio  . . 
Boston  and  Maine  

Michigan  Central  

Do  

Do  

Do  

Cleveland,  Cincin- 
nati, Chicago  and 
St.  Louis. 


Alabama  Midland  

Nashville.  ( '  h  a  t  t  a  - 

nooj:a  and  St.  Louis. 
Missouri,  Kausaa  and, 

Texas. 


Ties. 


White  oak  

Chestnut  

"White  oak  

White  and  rock 

oak. 

Cypress  

Chestnut  

Yellow  pine... 

AVhite  oak  

Ilock  oak  

AVhitooak  

Oak  

Yellow  pine  . . . 

Chestnut  

Oak  

Chestnut,  cedar 

and  liemlock. 

Oak  

Ctdar  

Tamarack  

Hemlock  

W  hi te,  burr  and 

chestnut  oak ; 

wild  cherry. 

honey  locust, 

and'  black 

walnut. 
Vellow  ])ine  . . . 
While  or  post 

oak. 
Wliitcpost.and 

burr  oak; 

cherry  and 

sassafras. 


Average 

life 
in  years. 


7  to  12 
5  to  10 


5  to  6 
5  to  6 
9 
3 
8 


5to7 

6  to  9 
6  to  9 
4 
4 

About  9 


to  6 
6 


Railway. 


Burlin^n,  Cedar 
Rapids  and  North- 
ern. 

Flint  and  Pere  Mar- 
quette. 

Do  

Do  

Chicago  and  Alton . .  <  Oak. . 
Do  I  Cedar 


Ties. 


White  oak  and 
cedar. 


Hemlock 


White  oak. 
Cedar  


Chicago  and  North- 
western. 

Do  

Do  

Minneapolis,  Saint 
Paul  and  Sault 
Ste.  Marie. 
Do  


Denver  and 
Grande. 

Do  

Union  Pacific. 

Do  

Do  

Do  

Do  


Rio 


Do 


White  oak  


Cedar  

Hemlock  

Cedar  and  oak. 


Hemlock  and 

tamarack. 
Red  spruce  


Louisville  and 

Nashville. 
Chii  ago.  Burlington 

and  (Juincj'. 

Do  


Yellow  pine  

Oak  

Pine  

Red  s])ruco  

White  cedar.... 
Pino  (burnet- 

ized). 
Oregon  fir  and 

pine. 

Tamarack  

AVhit«  and  post 


Oak.  cedar... 
Yellow  pine  


Aver?.  20 

lite^ 
in  years. 


81 


8  to  9 
8  to  10 
8 
6 

6  to  8 

10  to  12 
5  to  7 
8  to  10 


Gto7 
6 
5 

6tol0 

5  to  8 
8 

8  to  9 
7  to  9 


to  7 


5 

7  to  8 


5  to  7 


The  followinfj  information  on  tlic  use  of  wood  in  railroad  ties  isin  part 
taken  (conden.sed  and  rearran<j;-ed)  from  former  jmblications  of  the 
Forestry  Division. 

Y(»un,ir  wood  is  more  apt  to  decay  than  the  wood  of  older  timber, 
owinfj  to  its  larger  proportion  of  albuminates,  which  form  the  food  of 
the  fiin«;i.  On  the  other  hand,  the  idea  that  old  coarse  timber  is  more 
liable  to  decay  than  the  yoiinjj  timber  is  not  of  general  application. 
The  young  timber  is  sometimes  assumed  to  be  more  tough  and  fibrous 
and  therefore  better  fitted  to  resist  decay,  but  as  the  sapwood  of  such 
ties  becomes  rotten  in  a  few  years,  the  size  is  reduced  so  that  they  are 
renewed  without  regard  to  the  soundness  of  the  heart.  Sound,  mature, 
well-grown  trees  yield  more  durable  timber  than  either  very  young  or 
very  old  trees.  Timber  of  rapid  growth  (indicated  by  broad  annual 
rings),  due  to  favorable  conditions  of  soil  and  light,  yields  the  most 
durable  timber  in  hard  woods,  and  second  growth  should,  in  general, 
be  eipial  to  first  growth.  In  coniferous  wood,  however,  slow  growth 
(indicated  by  narrow  rings)  yields  the  better  timber.  The  most  durable 
material  for  ties,  therefore,  is  furnished  by  coniferous  woods  from 
comparatively  poor  soils,  high  altitudes,  and  dense  forest;  and  by 
hard  woods  from  rich,  deep,  warm  soils  and  isolated  positions.  In  all 
cases  within  the  same  species  the  heavier  and  denser  wood  is  the  most 
durable,  and  the  heart  wood  is,  of  course,  more  durable  than  the  sap- 
wood. 


WOOD  FA'  TIF.fi. 


217 


Wiiitor  is  (lie  best  tiiiK^  foi'  Iclliiiu  tic  tiinlxM",  ('s])(^riall v  if  it  is  to  he 
used  witlioiil  l)*Mii,u  S(';is()ikm1.  as  il  then  contains  less  Ici  incntahlc  sap 
and  seasons  more  slowly  and  evenl\-  belore  the  teinpeiat ure  is  w.irin 
enoii<iii  to  cause  feiiuentation  to  set  in.  With  tindxT  eut  wliile  in  h-ai" 
(as  in  the  ease  of  chestnut  oak  cut  ibi'  tanbark),  the  trees  should  he  left 
tor  a  few  wi>eks  before  euttini;- to  si/.c.  While  in  j;eneral  ties  are  (ait 
in  the  fall  and  winter,  winch  is  no  doubt  tlie  l)est  practice,  in  the  South 
cnttin^u"  of  i)ine  during  the  suiuiner  is  olten  pracitieed  without  any 
a])parently  i^ood  reason.  'rind)er  cut  wiien  the  sap  is  at  rest  is  niorci 
(birabh'  (mainly  because  fun<i()us  i;rowth  is  less  active)  than  that  cut 
^vhen  the  sa])  is  movinii-. 

Ties  should  always  be  left  to  season  for  at  least  six  montlis,  and 
a  year  is  even  better,  as  ties  proi)erly  seasoned  are  for  superior  in 
etliciency  to  tbose  used  at  ouee.  The  ties  should  be  barked  and  piled 
rows  of  ei^iihtto  twelve,  the  ties  placed  about  0  inches  apart  and  the 
inrows  separated  by  two  ties  at  right  angles  to  them.  The  pile  should 
rest  upon  two  ])()les  or  rough  timbers,  or  upon  blocking,  as  if  laid 
directly  on  the  ground  fungous  growths  will  soou  attack  the  lower  rows. 
The  ties  of  the  top  row  should  be  placed  close  together  and  inclined  so 
as  to  shed  the  rain.  The  piles  should  contain  fifty  to  one  hundred  ties 
each  and  be  at  least  five  feet  apart  to  allow  of  inspection.  If  piled 
near  the  track  they  should  be,  wherever  possible,  on  ground  atleast  as 
as  high  as  the  rails,  but  the  seasoning  will  be  slower  and  more  efifective 
if  the  ties  are  piled  in  the  woods.  Large  timbers,  as  for  switch  ties, 
bridge  stringers,  etc.,  should  be  seasoned  undercover,  as  otherwise  the 
sun  may  cause  them  to  season  irregularly.  More  rapid  seasoning  nuiy 
be  effected  by  sinking  the  ties  in  running  water  for  two  weeks  or  more. 
On  the  Atchison,  Topeka  and  Santa  Fe  Eailway  it  is  found  that  pine  ties 
cut  in  summer  and  ])laeed  in  the  track  while  green  last  three  years;  if 
cut  in  winter  and  seasoned  they  lasttive  3'ears,  or  five  and  one-half  years 
if  seasoned  in  water.    The  following  is  an  extract  from  the  report  on 

rnspection  and  distribution  of  track  ties,"  presented  at  the  annual 
meeting  of  the  Roadmaster's  Association  of  America,  in  lSe])tember,  1894: 

Tho  work  of  inspect  ion  and  (list  riI»ntiou  of  truck  ties  is  necessarily  governed  by 
the  conditions  and  cireunistances  of  oacli  indivichnil  case.  Where  the  ties  are  fur- 
nished along  the  line  of  tho  railway  they  should  be  delivered  at  a  loacbng  track, 
piled  n\t  in  s([nare  ])ilos,  not  nearer  than  (>  and  not  more  than  20  feet  from  the  rail. 
They  should  be  ])iled  with  s])ares  l)etwcen  to  admit  of  inspection,  as  well  as  circula- 
tion around  them.  They  should  all  be  delivered  before;  March  1,  so  that  they  can  be  ^ 
insjiected,  and  the  distriluition  begun  before  the  spring  work  opens  np.  When  they 
are  received  l)eyond  tlie  line  of  the  ])in  chasing  road  the  inspector  shoidd  be  present 
when  they  are  loadcMl  into  cars,  and  a  check  of  the  nuuiber  of  each  grade  kept  hy 
car  load  and  rcport<?d  to  the  track  department,  giving  car  number  and  initials. 
They  should  be  counted  wlien  unloaded  to  check  the  inspector's  tally. 

The  inspector  should  b(;  a  man  of  honesty,  tact,  and  great  moral  courage,  and  his 
inspection  aliould  l)e  fully  sustained  by  the  purchaser.  When  ties  are  purchased  iu 
large  quantities  the  temj)tatiou  to  include  ])oor  ones  is  very  great,  f^arge  sums  of 
money  are  involved  and  great  ])ressure  is  often  brought  to  bear  on  the  inspector  to 
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move  liiui  from  insisting  rigidly  on  tlie  specifications.  Several  cases  have  come  to 
the  knowledge  of  yonr  committee  in  which  the  inspector  was  removed  through  unfair 
means,  evil  reports,  deceptions,  etc.,  for  endeavoring  to  follow  strictly  the  specifi- 
cations under  which  the  ties  were  purchased. 

AVe  can  not  omit  to  refer  to  the  importance  of  having  the  ties  cut  in  the  fall  and 
early  winter  for  the  following  season's  supply.  Experiments  show  that  timber  cut 
between  Janiuiry  1  and  August  1  is  very  much  less  durable  than  timber  cut  between 
August  and  .January,  and  its  value  decreases  rapidly  as  the  sap  season  is  approached. 

The  report  as  printed  was  worded  as  above,  but  on  discussion,  before 
the  report  was  accepted,  it  was  cban.ued  to  read  tbat  "timber  cut  wlien 
the  sap  is  np  is  less  durable  than  that  out  when  the  sap  is  down." 
These  ideas  of  the  sap,  however,  are  somewhat  antiquated  according  to 
our  modern  knowled^ie,  and  the  original  wording,  as  given  above,  was 
really  better  than  the  innovation.  The  discussion  on  this  report  showed 
a  great  diversity  of  ideas  on  the  question  of  ties. 

Hewed  ties  are  very  generally  assumed  to  be  superior  to  sawed  ties, 
and  this  has  led  to  a  custom  of  insisting  ui)on  ties  cut  from  trees  that 
will  make  but  one  tie,  or  to  insist  that  the  cut  shall  make  but  one  tie. 
Tliore  are  two  reasons  why  a  sawed  tie  is  apt  to  decay  more  rapidly 
than  a  hewed  tie:  (1)  The  saw  (hx's  not  make  a  sharp  cut  but  leaves 
a  more  or  less  woolly  surface,  wliicli  ix'rmits  the  accumulation  of  water 
and  affords  opportunity'  for  fungous  growth  (2)  the  sawing  increases 
the  end  surfaces  of  the  grain,  as  the  cut  can  not  be  kept  parallel  with 
the  fiber,  especially  when  the  log  is  not  quite  straight,  thus  exposing 
bastard  faces  on  the  sides  which  are  simi)ly  partial  cross  sections. 
Different  roads,  liowever.  have  different  oi)inions  and  experience  in  this 
direction.  Mr.  W.  Ificli,  chief  engineer  of  the  .Minneapolis,  St.  Paul 
and  Sault  Ste.  Marie  Railway,  states  tiiat  he  prefers  ties  made  from 
round  timber,  sawed  on  two  sides  instead  of  hewed,  as  experience  indi- 
cates that  the  former  give  longer  service  than  the  latter,  though  this 
result  was  not  expected  and  is  contrary  to  tradition.  The  Cleveland, 
Cincinimti,  Chicago,  and  St.  Louis  JJailway  l  equires  sawed  ties  to  be  9 
inches  wide,  instead  of  8  inches  as  specified  for  hewed  ties.  Sawed  ties 
are  being  more  and  more  used,  and  if  treated  by  i^re.servative  processes 
the  two  objections  above  noted  are  eliminated.  The  objections  to  sjdit 
ties  are  also  passing  away,  except  that  of  the  (iui(;ker  and  deeper  season 
checking  which  takes  i^lace  in  a  split  tie  with  the  heart  on  one  side. 
Wari)ed  and  twisted  ties  should  not  be  used  as  they  are  liable  to  lock 
in  the  ballast. 

Ties  should  invariably  be  stripped  of  the  bark.  They  should  be  of 
uniform  size  and  those  of  the  same  kind  should  as  far  as  possible  be 
kept  together,  in  order  to  insure  approximate  uniformity  in  wear.  The 
thickness  varies  from  G  to  8  inches,  but  should  never  be  less  than  (J 
inches,  the  deeper  ties  having  greater  stiffness  to  resist  transverse 

'This  objection  may  be  avoided  by  the  use  of  a  planer-saw,  which  cuta  and  planes 
at  the  same  time. — li.  e.  f. 
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Chicago  and  North  Wcst- 
i-ru  

Feet. 
8 
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6 
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8 

New  York  Central  

A  llcfrliciiv  Valley 

Feet. 
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84 

•  84 
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8 
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Cleveland,  Cincinnati, 
Chicago  and  St.  Louis. 

lUiuois  Central  

8 

6 

8 

8 

8 

■  Oak  and  eedar.      t  Pine,  <ir,  and  s])rnce.       ^  Sometimes  9  feet. 


There  are  two  ])iincipal  qualities  governing  the  life  of  a  tie:  (1)  Its 
resistance  to  natural  decay;  (2)  its  resistance  to  the  wear  resulting 
from  tlic  (aittiiig  and  abrading  action  of  the  rail  (the  direct  compres- 
sion of  the  wood  is  too  sliglit  to  enter  into  consideration).  Ties  iu 
service  are  injured,  destroyed,  or  rendered  unserviceable  by  three 
principal  causes:  (1)  Mechanical  disintegration  and  abrasion  of  the 
fibers  under  tlic  rails;  (2)  injury  by  splitting  and  respikiug;  (3)  gen- 
eral or  natural  decay  of  the  wood,  induced  by  fungi.  Kiider  average 
and  ordinary  conditions  on  American  railways  the  ties  have  to  be 
renewed  more  on  account  of  the  cutting  and  abrasion  (and  consequent 
local  rot)  under  tlie  rails  than  on  account  of  natural  decay ;  but  the  former 
causes  of  rene\yal  may  be  largely  reduced  by  the  use  of  better  rail 
ftistenings  (to  hold  the  rail  more  securely  than  the  ordinary  spike)  and 
the  use  of  metal  tie-plates  to  protect  the  wood.  Ties  will  wear  out 
quicker  on  curves  on  account  of  the  strain  on  the  rail  forcing  the  spikes 
back,  enlarging  the  spike  holes  and  reducing  the  hold  of  the  spikes  in 
the  tie.  They  will  also  wear  out  more  quickly  on  heavy  grades,  where 
sand  is  used  b}'  the  engines.  In  both  ol' these  cases  it  is  assumed  that 
tie-plates  are  not  used.  Ties  usually  begin  to  decay  first  at  the  ends 
and  second  at  the  rail  scats.  The  lirst  is  a  nornial  trouble,  much  hast- 
ened by  season  checking,  and  may  be  overcome  l)y  painting  the  ends 
with  rosin  or  some  cheap  i)aint,  so  as  to  cause  a  slower  exchange  of 
moisture. 

Ties  should  be  made  IVom  sound,  thrifty,  live,  or  green  timber,  free 
fi'om  loose  or  rotten  knots,  wen mholes,  dry  rot,  windshakes,  splits,  or 
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other  imperfections  wliicli  affect  their  strengtli  or  durability.  They 
should  have  no  sap  wood  on  either  face  and  not  more  than  1  inch  on 
the  edges  or  corners.  They  should  be  hewed  or  sawed  with  the  faces 
perfectly  true  and  parallel,  of  the  exact  dimensions  specified;  the  faces 
out  of  wind,  smooth,  and  free  from  any  inequality  of  surface,  deep  or 
bad  score  marks,  or  splinters;  and  they  should  be  not  more  than  3 
inches  out  of  straight  in  any  direction. 

RE^^^EWAIiS  OF  WOOBEI^  TIES. 

The  tie  renewals  are  too  fro(iuently  considered  as  a  comparatively 
unimportant  item  in  the  expense  account  of  maintenance  of  way,  but 
in  point  of  fact  the  average  cost  of  tie  renewals  on  many  roads  already 
exceeds  that  of  rail  renewals,  and  shows  a  tendency  to  increase  in  a 
marked  degree,  for  the  following  reasons:  (1)  Gradual  increase  in 
price,  owing  to  tlie  increased  value  of  timber  as  the  supply  becomes 
exhausted,  and  to  the  increased  h;iul  as  sources  of  supply  become  dis- 
tant. (2)  The  marketnig  of  the  best  timber,  so  that  the  ])Oorer  qualities 
must  be  cut  for  ties,  giving  consequently  inferior  service,  especially  if 
ties  from  young  ;um1  nndersized  trees  are  accepted.  (3)  Less  rigid 
inspection,  and  the  acceptance  of  inferior  ties.  (4)  Greater  tendency  to 
local  rot  and  cutting  under  the  rails,  due  to  increased  wheel  loads  and 
growing  trallic.  (5)  Spike-killing,  caused  by  regauging,  redriving  loos- 
ened si)ikes,  etc.  The  renewals  average  about  250  to  350  ties  per  mile 
per  year  for  main  tracks,  and  200  to  250  for  side  tracks,  but  these  fig- 
ures are  reduced  very  considerably  where  treated  ties  and  metal  tie- 
plates  are  used.  A  road  which  has  to  renew  its  ties  in  five  years  is  at  a 
great  disadvantage  as  compared  with  one  whose  ties  last  ten  years,  as 
the  former  must  ligure  into  its  expense  abnost  double  the  cost  for 
material,  Ix'sides  the  additional  track  labor  ne(;essary  to  do  the  work, 
while  during  the  interval  it  can  not  liax c  as  good  a  track  as  the  latter. 

In  a  i)ai)er  on  "The  increasing  cost  of  railway  tie  renewals''  (Trans- 
actions Anierican  Society  of  Civil  Engineers,  December,  1892),  Mr. 
Benjamin  Reece  pointed  out  that  while  a  few  years  ago  the  cost  of  such 
renewals  was  but  a  fraction  of  the  cost  of  rail  renewals,  now  the  figures 
are  reversed,  and  the  tie  renewals  offer  an  opportunity  for  large  reduc- 
tions in  exi)enses.  Close  attention,  he  says,  has  been  paid  to  the  j)ur- 
chase  of  rails,  to  their  design,  their  life  and  wear,  etc.,  while  the  ties 
have  too  often  been  comparatively  neglected.  The  fact  of  the  increase 
in  cost  of  tie  renewals  is  often  only  vaguely  recognized,  and  its  magni- 
tude not  realized.  He  gave  statistics  from  a  number  of  lines,  showing 
an  increasing  ratio  of  tie  renewals  to  rail  renewals,  reaching  in  1890-'0J 
to  100  for  rails  and  111  to  308  for  ties.  In  the  light  of  such  facts  is  it 
not  strange  that  on  many  lines  where  a  requisition  for  a  few  kegs  of 
spikes  is  passed  through  several  hands  for  scrutiny  and  approval, 
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orders  for  several  liuiidreil  tlioiisaiid  ties  are  aeeepted  and  approved  on 
si«iht/' 

A  marked  saving-  may  be  elVeetcMl  hy  iutrodiieinu  systemati/.('d  eliecks 
for  prevent iiiii"  t lie  premature  remo\  al  of  eomparat  i vely  sound  ties  from 
the  track,  a  practice  w  liicli  many  section  Ibrcinen  have,  an<l  attention 
to  tliis  point  lias  on  some  roads  been  attended  w  ith  a  i^rat ifyin*;-  reduc- 
tion in  tie  renewals.  If  the  olhcers  t)f  a  road  iiiaiit  requisitions  for  ties 
liberall_\'  and  without  (pu'stion,  there  will  be  a  tendency  to  take  out 
ties  beibre  they  have  liixcn  their  i>ro|>er  service;  winle.  on  the  other 
liand.  if  the  olhcers  are  paisimonious  and  habitually  cut  down  recpiisi- 
tions  for  ties,  there  will  be  many  ties  left  too  long'  in  the  track. 

Well-devised  plans  should  be  instituted  for  preparing-  careful  esti- 
mates of  each  season's  requirements,  and  the  practice  varies  greatly; 
some  roads  being  very  careful  and  others  very  careless.  On  the  Louis  ' 
villeand  Nashville  Kailway  the  custom  is  to  prepare  estimates  before 
July  showing  the  number  of  ties  required  on  each  division,  the  esti- 
mates being  nnule  from  actual  count  of  ties  in  the  track  that  should 
properly  come  out  during  the  next  twelve  months.  The  count  is  made 
by  the  section  foremen,  checked  and  certified  by  the  respective  super- 
visors and  roadmasters,  approved  by  the  superintendents  after  inves- 
tigation, and  forwarded  by  them  to  the  chief  engineer,  who  is  supposed 
to  have  a  general  knowledge  of  the  condition  of  ties  on  the  entire  line, 
and  if  the  requisitions  dift'er  widelj^  from  what  he  expected,  they  are 
returned  for  further  in\  estigation  and  revision  if  necessary.  Finally, 
the  requisitions  are  tbi  warded  to  the  general  manager,  with  a  request 
for  authority  to  contract  for  the  ties  needed,  and  with  them  is  sent  a 
statement  showing  the  average  number  of  ties  per  mile  used  on  each  divi- 
sion during  the  ten  years  i)revious,  and  where  the  number  called  for 
appears  excessive  as  compared  Avitli  the  average,  exi^lanation  is  made. 
On  the  Nashville.  Chattanooga  and  »St.  Louis  Kailway  the  ties  are 
inspected  and  counted  for  renewal  by  the  section  foremen,  under  the 
supervision  of  the  roadmaster.  On  this  road  the  tie  renewals  are 
under  the  transportation  dei)artment  and  not  under  the  chief  engineer, 
whicii  is  not  good  practice.  On  the  Chicago  and  Northwestern  Rail- 
way each  section  foreman  marks  with  an  ax  the  ties  w^hich  he  thinks 
should  be  removed,  after  Avhich  the  roadmasters  go  over  their  divisions 
to  see  whether  the  foremen's  Judgment  is  correct,  and  they  generally 
cut  down  the  number  very  considerably. 

The  section  foreman  should  determine  by  actual  count,  and  not  by  a  ' 
guess  estimate,  the  nund)er  of  ties  which  he  considers  he  will  need  on 
each  mile  of  his  section,  marking  the  ties,  and  reporting  the  number  to 
the  roadmaster.  The  latter  should  personally  verify  the  estimate,  for 
while  ties  are  often  left  in  too  long,  yet  many  foremen  condemn  ties 
which  are  good.  Ties  should  never  be  renewed  without  i)ermissi()n, 
and  those  taken  out  should  not  be  burned  or  removed  from  the  right  of 
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way  until  inspected  by  some  officer  tliorouglily  and  practically  familiar 
with  the  use  of  ties  and  the  amount  of  work  that  can  safely  be  got  out 
of  them.  On  some  roads  the  foremen  are  forbidden  to  remove  ties  hav- 
ing more  than  4  inches  of  good  timber  left  under  the  rail.  Eecords 
should  be  kept  of  the  annual  renewals,  and  if  a  very  high  requisition 
is  made  in  any  one  year  investigation  should  be  made. 

It  is  an  excellent  plan  to  mark  the  ties  in  some  way  so  that  their 
length  of  service  can  be  seen  at  ouce,  and  a  record  kept  of  them.  Then, 
if  ties  are  found  to  be  taken  out  after  only  a  few  years'  service,  the  rea- 
son should  be  investigated.  Of  course  this  marking  should  not  be  made 
a  basis  for  renewals,  the  ties  being  still,  as  ordinarily,  taken  out  only 
when  examination  shows  the  necessity  of  so  doing,  irrespective  of  the 
marks,  as  the  great  ditierences  in  the  endurmg  qualities  of  ties,  api)ar- 
ently  from  tlie  same  lot  and  place,  make  it  quite  possible  that  one  tie 
may  become  unfit  for  farther  service  in  four  or  five  years,  while  its 
neighbors  from  the  same  lot  may  be  good  for  eight  years'  service. 

On  the  Anegheny  Valley  Railway  the  system  of  marking  is  by  cut- 
ting a  small  V  notch  w  ith  an  axe  or  adze  in  the  edge  of  the  tie  at  the 
time  of  i^lacing  it  in  tlic  track,  the  position  of  the  notch  indicating  the 
year.  The  tics  are  hauled  in  from  the  woods  in  the  Avinter  months  and 
are,  as  a  rnle.  i)lace(l  in  the  track  early  in  the  year,  so  that  a  ghmce  at 
the  marking  while  passing  ahnig  t  he  H  ark  w  ill  show  the  observer  both 
the  age  of  the  tie  from  the  tree  and  its  length  of  service.  The  track 
foremen  make  simple  re])()rts  of  the  ties  taken  out  and  their  age  as  indi- 
cated by  the  marks,  whicli  reports  are  tabulated  and  tiled,  forming  a 
record  of  the  a\'erage  life  of  the  ties.  The  number  of  ties  estimated  for 
renewals  is  ach  ertised  for  by  the'purchasing  agent,  who  inspects  them 
for  acceptance  or  rejection.  On  the  Cleveland  division  of  the  Cleve- 
land, Cincinnati,  Chicago  and  St.  Louis  liailway  it  has  been  the  prac- 
tice to  mark  the  ties  when  they  are  put  in  the  track,  and  this  enables 
the  oflicers  to  secure  definite  inlbrinafion  in  regard  to  the  length  of 
service  and  life  in  the  different  kinds  of  ballast  (broken  stone,  furnace 
slag,  gravel,  and  cinders).  For  this  purpose  a  stamp  is  used  with  letters 
about  Ih  inches  long  giving  the  year.  The  stamp  weighs  about  3^ 
pounds,  and  the  marking  is  done  by  a  blow  with  a  hammer,  the  mark 
being  made  on  the  toj)  and  the  south  end  of  tlie  tie.  In  Germany  it 
has  been  found  that  the  impressions  made  by  such  hainmer-stainps  on 
preserved  ties  became  efiaced  before  the  time  for  renewal,  and  nails  or 
tacks  with  distinguishing  letters  or  marks  were  therefore  substituted. 
The  Atchison,  Topeka  and  Santa  Fe  Kailway  stamps  the  date  of 
treatment  on  its  burnetized  ties. 

The  following  table  shows  the  ratio  of  tie  renewals  to  rail  renewals 
for  several  railways  during  periods  of  a  few  years,  the  rail  renewals 
being  taken  as  100  in  each  case.  The  figures  given  are  the  result  of 
the  cost  of  tie  renewals  divided  by  the  cost  of  rail  renewals  and  multi- 
pUed  by  100.    The  Lake  Shore  and  Michigan  Southern  Kailway  and 


WOODEN  Tli:S   IN    FOKKIGN  (.'( X  NTRIKS. 


223 


the  .M iciii.uaii  Cciilral  IJaihray  arc  (lie  only  ones  on  wliicli  tlicrt^  seems 
to  be  a  sii^ii  of  dccrca^*'  in  the  rclalixc  cost  of  tic  and  lail  renewals. 


Railwaj-. 

1878-'81. 

:i7 

1882-'85. 

115 

1884-'86. 

1886-'89. 

1890- '91.. 

165 

296 

279 
255 
398 
200 
224 
111 
125 
216 
242 
289 

140 
67 

201 
174 

144 

158 

730 

("liii  ;ti:n,  M  ilw  aukcf  .111(1  Saint  Paul 

80 

141 

( 'liii  afTo  and  NortlnvcsU'i  n  

I..ik«<  Siion-  anil  Mi.  liiLcan  Southern  

Mi.  liizan  ('.  iilral  

CI 
80 
42 

101 
172 
133 
47 
52 
73 

143 
138 
148 
102 
117 
98 

L.M.isvillf  and  NasliviU,.  

Kicliniond  and  HanvilU'  

40 

riiihuk'lphia  and  JieaiHng  

WOODEN  TIES  IN  FOREIGN  COUNTRIES. 

In  the  detailed  statements  in  Part  I  of  this  report  much  information 
will  be  found  in  regard  to  the  wooden  ties  used  in  various  countries, 
and  some  general  notes  in  regard  to  the  same  are  given  below.  In 
France  the  importation  of  the  (piebracho  Colorado  from  South  America 
has  been  advocated,  and  in  this  country  it  has  been  proposed  to  import 
some  of  the  extremely  hard  woods  from  Australia.  Such  importation, 
however,  does  not  appear  likely  to  be  at  all  extensive,  owning  to  the 
cost,  especially  as  economy  Avith  our  own  ties  may  be  effected  to  a  very 
considerable  extent  by  the  use  of  preservative  processes  and  protective 
plates,  while  with  a  pro])er  system  of  forestry  w  e  have  an  abundant 
supply  of  good  timber  for  such  economized  use,  until  such  time  as  the 
metal  tie  becomes  a  more  practical  factor  in  railway  track  work. 

The  use  by  French  railways  of  quebracho  wood  {Quebracho  Colorado) 
from  the  Argentine  l^epiiblic  was  advocated  in  1893  by  Mr.  Poulet,  an 
engineer  on  the  Argentine  Saute  Fe  llailway.  This  wood  contains  a 
large  proportion  of  its  w^eight  of  tannin,  from  15  to  20  per  cent,  for 
which  reason  it  is  much  used  by  tanneries,  and  this,  together  with  its 
hardness  and  weight,  makes  it  a  very  suitable  material  for  ties.  In 
South  America  it  is  used  for  ties,  bridges,  etc.,  and  posts  that  have 
been  in  use  for  nearly  one  hundred  years  in  cattle  corrals,  etc.,  have 
been  found  in  good  condition,  the  part  in  tlie  ground  being  as  good  as 
that  exposed.  Its  ^veight  averages  78  pounds  per  cubic  meter,  so  that 
a  tie  8.13  feet  long  and  10  by  G  inches  section  (2.5  by  0.25  by  0.15  meters) 
weighs  about  li.">7  pounds.  It  is  so  hard  that  it  does  not  wear  under 
the  rails,  and  spike  holes  must  be  bored.  Other  timbers  used  for  ties  in  ' 
South  and  Central  America  include  oak,  mes(nute,  lignum-vitae,  vera 
(a  species  of  greenheart),  mahogany,  catalpa,  and  imported  creosoted 
pine. 

In  Australia  there  are  the  ironbark,  jarrah,  blue  and  red  gum,  karri, 
etc.,  which  are  very  hard  and  dense,  and  of  great  weight,  00  to  (Jo 
pounds  per  cubic  foot.  They  are  so  hard  that  they  do  not  cut  under 
T  rails,  and  tie-plates  are  therefore  not  required.   The  ironbark  and 
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jarrab  (of  the  eucalyptus  family)  are  specially  noted  for  their  durability, 
being  generally  considered  as  indestructible  by  fungi,  or  by  the  teredo 
or  other  boring  worms.  They  also  hold  spikes  well  and  resist  abrasion. 
The  cost  in  Australia  is  about  00  cents  per  cubic  foot,  or  $1.80  for  a  tie 
6  by  9  inches  and  8  feet  long.  It  is  thought  that  they  could  be  imported 
and  sold  here  at  that  price,  ironbark  ties  costing  81.80  and  lasting  twenty- 
five  years  being  superior  to  yellow  pine  ties  costing  55  cents  and  lasting 
nine  years  (if  protected  by  tie  plates).  On  the  other  hand,  Mr.  J.  W. 
James,  in  a  paper  on  ^'Timber  in  the  Tropics,  the  Teredo  Navalis,  and 
the  White  Ant''  (Proceedings,  Institution  of  Civil  Engineers,  1890-'91), 
stated  that  while  at  Port  Darwin,  South  Australia,  he  found  jarrah 
piles  of  a  jetty  so  seriously  attacked  by  the  teredo  that  it  was  decided 
to  sheath  all  the  timber  with  muntz  metal  up  to  high- water  line.  The 
karri  wood  used  temporarily  for  chafing  timbers  was  also  attacked,  and 
Mr.  James  t'onnd  living  specimens  of  the  teredo  (?)  in  some  of  these 
timbers  which  had  been  removed  and  had  laid  for  two  months  on  the 
deck  of  the  jetty,  exposed  to  the  tropical  sun.  lie  also  found  railway 
ties  of  well-seasoned  jarrah  and  sugar  gum  eaten  away  about  J-inch  by 
white  ants,  and  though  preservative  compounds  called  "carbolineum 
avenarius"  and  anti-termite"  were  used,  they  seemed  merely  to  check 
the  destruction  of  the  wood  for  a  time.  Ironbark  from  New  South 
Wales  and  karri  and  jarrali  from  Western  Australia,  which  are  not 
attacked  in  the  soutliern  i)art  of  the  continent,  are  attacked  in  the 
northern  part,  the  ants  l)eing  inoie  troublesome  in  the  hotter  territory. 
At  the  World's  Columbian  lOxposilion,  held  at  Chicago  in  1893,  the 
New  South  Wales  government  railways  exhibited  specimens  of  track 
laid  with  T  rails  and  with  double  head  rails  in  cast-iron  chairs.  The 
former  rest  directly  on  ironbark  ties  9  feet  long,  10  by  5  inches  section, 
spaced  about  30  inches  center  to  center,  the  rails  being  secured  on  the 
outside  by  lag  screws  with  heads  I'j  inches  S(piare,  and  on  the  inside 
by  spikes  with  heads  li  inches  scpmre,  the  heads  being  much  heavier 
than  those  of  American  spikes.  The  chairs  for  double-headed  rails 
have  a  base  14i  by  7i  inches,  with  holes  for  four  round  spikes,  but  only 
two  spikes  are  used  at  once,  except  on  the  joint  ties,  where  each  chair 
has  three  spikes.  The  spike  holes  are  bored  when  the  ties  are  in  the 
track.  The  ties  exhibited  had  been  in  service  for  twenty-three  or  twenty- 
four  years,  under  continuous  traffic,  and  were  in  excellent  condition.  | 
In  India  some  Australian  karri  ties  laid  on  the  ghat  or  mountain 
lines  of  the  Southern  Mahratta  Itailway  in  1886,  were  so  deteriorated 
by  the  excessive  moisture  that  they  had  to  be  replaced  in  1893-'94.  The 
ironbark  ties  used  in  xVustralia  cost  about  81.08  each,  and  last  about 
twenty  years.  They  would  cost  about  4J  cents  per  annum  for  renewals 
and  save  the  labor  of  three  to  six  relayings,  as  compared  with  an 
average  of  Americ-an  oak  ties,  costing  78  cents  each  and  lasting  seven 
years,  Avith  an  average  of  12  cents  per  year  for  renewals,  as  an  average 
of  all  American  tie  timbers.    Ironbark  and  jarrah  are  not  the  same, 


\v<)ni)i:N    rii:s  in  ioi^kkjn  ("or.NTiciKs.  22.') 

hill  Ih»(  Ii  aif  spcfics  dl"  t  lie       LiC  uciitis  \  \\v\\\\\  .">()(»  s|i{'cirS)  ol  cilciilx  p 
I  lis,  naiiH'lv,  cikmIv  |il  iis  Iciicox  \  Ion,  (he  iroiihink  :  mikI  ciica  I  \  pt  iis  mar 
uiiiala,  llie  jaiiah  or  ma lio.uaiiy  trci'.    .Mr.  1'\mii()W  cuiisidcrs  that,  with 
tlic  (piaht y  chiiiiitHl  for  these  timlx'rs,  tli(\\-  miiilit  well  compete  with  tlie 
hest  oak  ol'  the   I'liiled  Stales  lor  railway  piii|»o->es   in  the  eastein 
iiiarlvct.-. 

The  South  Alls!  laliaii  ^overiimenl  railways  use  hard-wood  lies,  the 
hard  ness  itMideriiiu  t  he  use  ol'  iiiel  a  I  tie  plates  uniieeessary  iiiidei'  the 
T  i  ail>.  'I'lie  ties  are  S  leel  (I  inches  ioni;  i  lor  ;i  <^ail«;"c.  ot"  ~»  leet  .! 
iiiclio  .  Id  iiM'hcs  wide,  ami  iiudies  thick.  They  are  ol"  hine  uum, 
wci-hiiiu  iio  pounds  |>er  cnl)ic  Toot:  red  i^iim,  <).')  pounds;  sn.uar  ^um, 
<>•">  |)onnd^:  jarrah,  (i  )  pounds,  ami  kairi,  ("»!  poiiiuls.  The  rails  arc 
rasteiicd  oil  1  he  (Uitside  by  (damps  and  iaiii;'  holts,  and  on  t  he  inside  by 

inch  S(piare  si)ikes.  The  joint  ties  are  spaced  2  Icct  7.]  inches  aud 
the  intermediate  ti«'s  U  leet  ~)\  inclies,  center*  to  center.  Tlie  timljer 
supply  in  this  colony  is  limited,  and  in  several  cases  structures  have 
been  designed  to  be  built  (d'old  rails,  so  as  to  use  \\\)  a  (piantity  of  old 
iron  which  could  not  be  rewoiked  as  scrap.  In  ISDI  ties  bought  by 
contract  or  Irom  the  conservator  of  forests  cost  from  81.12  to  $1.40 
each.  The  engineer  in  chief  of  the  South  Australian  government  rail- 
ways considers  that  in  the  northern  territory  the  Avhite  ants  would 
destroy  excn  the  hard- wood  tind)ers. 

On  the  government  railways  of  New^  Zealand  various  native  and 
imported  timbers  were  used  uj)  to  1885,  but  the  sut)ply  of  the  best  tim- 
bers began  to  diminish  and  the  pri(!e  increased  with  the  demaud  for 
ties  for  (construction  and  maintenance.  As  the  forests  contained  many 
timbers  suitable  for  ties,  except  for  their  liability  to  decay,  tlie  govern- 
ment decided  to  try  the  creosotiug  process,  as  noted  further  on.  Simi- 
lar investigations  and  experiments  have  been  made  in  Cape  Colony  and 
Natal  (South  Africa).  On  the  Tongkin  and  Tientsin  llailway,  China, 
the  ties  are  of  Innoki  and  chestnut  from  Japan.  The  latter  are  9  by 
5  iiudies  section,  and  s  feet  long,  w^hile  the  former  are  1  inch  thicker,  the 
wood  being  soft.    The  i)rice  delivered  was  54  to  CG  cents  i)er  tie. 

Two  lOnglish  railway  s  intend  to  try  the  Australian  hardwood  timber, 
the  Lond<ni,  Brighton  and  South  Coast  ilailway  having  ordered  1,000 
iron  bark  ties,  and  the  Great  Eastern  Kail  way2,000  red-gum  ties.  These 
ties  are  ordered  through  the  xigricultural  Department  of  New  South 
W  ales.  It  is  estimated  that  they  should  last  at  least  eighteen  years, 
but  thi;  (piestion  of  relative  cost  will  have  to  be  considered. 

In  I'ranci^  the  annual  cousumt)tion  of  ties  for  maintenance  was 
reduced  steadily  from  170  ties  i)er  mile  ol"  single  track  in  188o  to  84  ties 
l)er  mile  in  1S8'J.  This  was  due  to  increased  care,  improved  methods 
of  renew  al,  creosotiug  ties  of  all  kinds,  better  fastenings,  better  ballast, 
and  heavier  rails.  The  number  of  ties  consumed  in  1880  was  3,241,356, 
of  w  hich  3(39,000  were  for  construction.  Most  of  these  were  of  oak, 
next  beech  and  fir,  and  only  a  small  percentage  w^ere  imported.  Since 
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226  WOODEN  TIES-- PRESERVATIVE  PROCESSES. 


1889  tlie  renewals  liave  been  about  85  per  mile,  or  4.4  per  cent  per 
annum.  The  ties  used  on  the  27,081  miles  of  the  seven  <>reat  railway 
systems  in  1889  included  2,155,921  of  oak,  690,602  ot  beech,  and  388,833 
of  red  spruce. 

PRESERVATIVE  PROCESSES  FOR  AVOODEN  TIES. 

In  Appendix  No.  3  of  this  report  is  given  a  valuable  and  interesting- 
paper  on  the  subject  of  tind)er  preservation,  by  Mr.  Henry  Flad,  C.  E., 
and  also  a  paper  on  wood  creosote  oil  by  Capt.  W.  II.  Bixby,  U.  S. 
Engineer  Corps,  both  of  which  papers  are  reprinted  from  Bulletin  No. 
I  of  the  Forestry  Division,  issued  in  1887.  As  the  general  principles  of 
the  several  processes,  and  the  particulars  of  the  use  of  the  processes, 
are  dealt  with  in  Mr.  FhuTs  paper,  it  is  only  intended  in  this  part  of  the 
report  to  give  the  details  of  some  processes  as  developed  within  recent 
years,  and  more  esi)ecially  to  give  specific  details  of  the  methods  of 
practice  now  followed  at  works  in  this  country. 

The  subject  of  the  use  of  preservative  processes  for  wooden  ties  as  a 
means  of  securing  a  better  track  with  reduced  nmintenance  expenses, 
has  not  been  given  the  careful  attention  in  this  country  which  its  impor- 
tance demands,  and  though  the  resultant  practical  economies  have  been 
amply  ])roved  in  otlier  countries,  tliey  have  been  but  inditlerently 
recognized  here  by  railway  olliccrs,  with  some  iiiiitortant  cxcci)tions. 
The  economy  results  not  only  from  the  increased  lilV'  of  the  ties,  and  the 
possibilities  of  making  inferior  and  cheai)er  timber  give  as  good  service 
as  more  expensive  t  i rubers,  but  also  from  the  reduced  labor  and  cost  of 
maintenance,  and  the  improved  surface  of  track  due  to  reduction  in 
renewals;  for,  under  ordinary  conditions,  the  track  hashai  dly  been  got 
into  good  surface  on  a  settled  bed,  than  it  is  disturbed  by  tie  renewals. 
In  most  of  the  i)rocesses  the  principle  of  the  treatment  is  to  extract  the 
sap  and  replace  it  by  a  material  which  will  fill  the  cells  of  the  wood  and 
l)revent  fermentati(m  and  decay.  The  vulcanizing  i)rocess,  however,  is 
claimed  to  effect  a  chemical  change  in  the  constituents  of  the  sap  itself, 
l)eing  practically  a  seasoning  process.  The  impregnating  processes  are 
more  successful  with  timber  of  open  grain,  such  as  pine,  than  with  the 
<lenser  timbers,  such  as  oak.  The  timber,  in  most  processes  (see  Bou- 
cherie  process,  ]).  214),  should  be  thoroughly  seasoned  before  treatment, 
and  it  is  waste  of  time  and  money  to  hurriedly  treat  measured  timber 
required  for  immediate  use,  though  this  is  sometimes  done  owing  to  the 
contracts  for  ties  not  being  ]>laced  in  i)ro})er  time.  Whatever  process 
is  used,  it  is  absolutely  essential  that  it  should  be  carried  out  carefully 
and  thoroughly,  if  the  best  results  are  to  be  obtained.  For  this  reason, 
among  others,  several  large  railway  comi)anies  prefer  to  operate  their 
own  works,  which  is  a  good  plan,  and  likely  to  give  satisfactory  and 
economical  results  if  the  work  is  carried  on  systematically.  The  various 
processes  used,  and  their  efficiency  and  economy,  etc.,  have  been  very 
fully  given  in  the  valuable  and  exhaustive  report  of  a  committee  of  the 
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Aiiu'ricMii  Socioty  ot'Civil  Ijiuiiici 
l'\ui'st I'V  Division,  wliicli  is  icpi  inu 

III  tilt'  t\  peri  linii  I  ^  l(cciill\  iii:i(li'  1>\  I 
oil  iiiiiufuiialrd  ;iii(l  iialiir.il  wiuxl.  -.niiiilc 
iiiil>irL;iialc(l  \S(i()(l  al)-Mirlt(  (l  iiiiu  li  less  w  . 
\oliiiiir  ill  (■()iisi'(|iiriirc  ol"  alls. .rpl  ion  of  w 
tlii>  natural  sainpl-  s.  Tcsls  of  the  hnidi 
lliox-  iiii|ircL;uat«'<'  u  t  re  >ii u<  r  1>>  lo  |i 
<;rt'alrr  by  .'ihoiit  -J  pt  r  ci  ut   iii  llic  cmsc 

It  woiiltl  appiMT  of  illlCICst  to  slate  lie 
tiiiilxT  is  also  incr*'as(  (l.  Tlir  rollowiiii^  n 
soiiio  oxpcrinients  w  liicii  w ere  siiltiiiittcd  t 
iit'ius'  Soficty  some  I  imr  auo.  The  si/cs  ot 
1'  iiR-lios  hy  1.^  iiiclifs:  tlic  |tn•ss^l^(^  was  ; 
apart : 


IS  (  iSS.")),  ill    Iliillrliii    I   (»r  the 

(1  ill  I  in-  |»i  rx'iii  piihlical  ion. 

r.   Horliiiic,  I  o  asccrl  a  i  II  I  1 1 1  ■  I  c  I  a  1  i  \  i  •  c  11  cc  t 

^  ol'  \  a  nous  I  rca  I  iiim  l  dci  i^l  i  al  nl  I  liat 

1 1  i-r  I  lian  I  lir  iia  I  ii  l  a  I  w  ood  .     I  iic  icasc  i  ii 
ilcr  was  less  in   llic  i  n  1 1 1 1«  <^!ia  I  ci  I  lliaii  in 
sI  icnul  ii  of  111"'  saiii])lrs  showed  that 
el'  eenl.     K'esistaiiee   to  coin  |iiessioii  was 

of  I  he  impregnated  samples, 
le  thai   by  ereosot  i  iii;-  the  streiii^lh  of  lli(i 
suits  eoiilirmiiiL;  this  \  iew  are  taken  from 
i>  the  IJritisli  (!ivil  ami  Mo(diaui<;al  l^M<^i- 

the  pit-ees  tested  were  2  ("eet  ()  iiiclies  by 
]»plied  111  id  way  l»td  ween  supports  2  feet 


Scrie.s  No.l. — Six  ]»iecos 
i>f  MfiU'l  lir.  not  cn  - 
tt.soted,  weigliiiiji  '.'i 
puuuds. 

Series  No.  2.— Six  pieces 
(if    Meinel    tir,  crco- 
siitcd.  (  Ill  out  (»f  the 
siinio  plank  as  i)re(  »Ml- 
in;;-.   weighing    13  ^ 
pounds. 

Series  No.  3. — Six  pieces 
ol'  Scotch  lir,  not  crc- 
o.sotc(I,  weighing  !) 
pounds. 

Series  No.  4. — Six  i)ieces 
of.Scoti  li  fir,  crcosoted, 
cut  out  of  liie  .same- 
steelier  as  tiie  jireced- 
ing,   weighing  16^ 
pounds. 

Civt. 

Cirt. 

Cwt. 

Cwt. 

N...  1  l.n.Ue  with  m 

Xo.  1  l)roko  with  12 

-No.  1  l)r()U()  with  1.5 

No.  I  liroku  w  itli  16 

•_'  lO.I 

2  12 

2  14 

2  14 

.{  ii>i 

3  U 

3  12f, 

3  14i 

4  n'h 

i  11 

4  13" 

4  17i 

5  ir 

5  lU 

5  13i 

5  14 

r.  10 

6  12| 

6  14" 

6  16 

Average  11 

Average  11  § 

Average  13§ 

Average  15  J 

Sitmniarii  of  .Ircraf/c  Results. 


Cwt 


Memel  fir  not  creosoted   11 

Menicl  lir  creosoted   llf 

Scotch  fir  not  creo.soted     13f 

Scotch  fir  creosoted   lof 

—{15.  E.  Feruow,  Bulletin  No.  1,  1SS7.) 

Ndi  i:. — These  statements  are  i^iveii  for  what  th<;y  are  worth.  F^iater  work  in  the 
I'oicst ry  1  )i vision  would  make  it  appeal-  hii^hly  (Hiestioualile  wlu'tlun-  th'e  fi^i^nres 
(| noted  above  can  be  used  to  prov(i  the  casts  one  w^ay  or  the  other,  'i'he  ([uestion  must 
beslill  ( ousidered  entirely  open. — n.  i-:.  i'. 

The  following  very  iiitei  esting  statement  as  to  the  practice  aud  expe- 
rience on  the  Southern  I*acific  Railway  was  kindly  furnished  in  April, 
1S!)4,  for  the  pur[)ose  of  tiiis  report,  by  Mr.  J.  Kruttschnitt,  general 
manager,  and  the  details  of  the  two  processes  mentioned  are  giveu 
under  their  resi)ective  heads  further  on: 

This  company  has  been  ])lacini;-  in  its  track  since  1SS7  burnettized  ties,  treated  at 
first  at  the  preservin;j^  works  of  the  Houston  and  Texas  Central  Railway,  at  Houston, 
Tex.,  and  later  on,  from  March,  18!)I,  at  its  own  plant,  locate<l  on  tlui  main  line,  2^ 
miles  east  of  Houston  ;  from  which  time  it  has  been  doini^  constant  service,  except  for 
the  few  months  of  lastsunnner,  when  the  financial  strinijency  made  it  advisable  for 
all  railways  to  cut  down  such  expenses  as  could  be  deferred  until  a  more  proiiitious 
time.    Work  was  resumed  last  December. 

The  present  plant  consists  of  two  cylinders,  6  feet  diameter  and  110  feet  long,  open 
at  both  ends,  with  narrow  gauge  tracks  running  through  them.  There  is  an  extensive 
yard  at  each  end  of  the  cylinders,  one  containing  untreated  material  and  the  other 
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material  that  has  gone  through  the  i)reserviug  process.  Each  yard  is  supplied  Avith 
steam-traveling  derricks.  In  addition,  there  are  the  engine  house,  with  steam, 
vacuum,  oil,  and  water  x>umps,  and  the  boiler  house  with  boiler  and  superheater. 
There  are  also  other  structures,  such  as  storage  tanks,  working  tanks,  receiving 
tanks,  storehouse  and  water  tank.  The  kinds  of  woods  treated  are  long  and  short 
leaf  yellow  pine  from  eastern  Texas  and  western  Louisiana.  Chloride  of  zinc  is  used 
for  preserving  track  ties  only,  and  creosote  oil  for  bridge  ties  and  timbers,  piles,  etc. 

To  illustrate  the  effect  of  the  use  of  treated  ties  upon  the  renewals  of  all  kinds  of 
ties,  I  would  state  that  for  the  year  1S91  these  renewals  amounted  to  243  tics  per 
mile  of  track,  inclnding  sidings.  For  the  two  succeeding  years  they  were  240  and 
205  ties,  respectively,  per  mile  of  track;  and  for  1894  our  reciuisitions,  even  when 
given  a  large  margin,  call  for  about  only  145  ties  per  mile  of  track. 

The  kinds  of  ballast  used  are  dirt,  gravel,  and  rock.  On  some  parts  of  the  line, 
especially  in  the  arid  regions  of  western  Texas,  dirt  is  the  only  ballast  available 
and  permissible.  The  other  parts  of  the  lino  are  ballasted  principally  with  gravel. 
The  trafiBc  of  the  road,  as  regards  volume  of  business,  may  be  considered  moderately 
heavy;  the  average  number  of  trains  passing  any  one  station  both  ways  per  day 
being  about  35.  The  average  weight  of  our  ]>assenger  engine  equipment  is  75.52 
tons,  and  that  of  freiglit  72.63  tons.  The  weight  of  the  heaviest  freight  engines  in 
use  on  the  road  is  104.5  tons. 

Metal  tie  plates  have  been  used  for  the  past  three  years  and  we  liave  now  adopted 
them  altogether  on  our  standard  creosoted  bridge  lioors  and  trestles,  and  on  pieces 
of  track  of  heavy  curvature.  At  the  present  time  61,000  tie  plates  have  been  placed 
in  use  by  our  bridge  and  building  de])artmeut  an<l  38,0()0  by  the  track  department. 
We  require  ties  to  be  sawn  exactly  to  the  dimensions  sjiecilied  and  to  be  "square 
edge."  We  would  not  accejit  sap  ties  for  treatment  if  more  than  1  incli  of  sap  face 
shows  on  two  corners.  For  yellow-jiiue  ties  in  general  we  require  them  to  be  sijuare 
edge  and  either  long  or  short  leaf  without  reference  to  sap  or  heart. 

A  portable  ])hiiit  for  treatiii<r  timber  by  impregnatioii  has  been 
patented  by  William  (i.  Curtis  and  John  ]).  Isaacs,  of  San  Francisco, 
Cal.  (Xo.  5H»730;  date,  March  I'O,  l.S!)4:.)  The  pumps  and  tanks  are 
mounted  ui)on  thit  cars,  and  the  cylinder  or  retort  is  mounted  upon  car 
trucks,  the  cylinder  bein«4  made  in  sections  couiiected  by  bolts  aud 
tianges  and  disconnected  for  convenience  of  transi)()rtation. 

A  dry-kiln  system  for  rapidly  seasoning-  and  pi  esei vin*;-  timljer  has 
been  patented  by  James  U.  Bate,  of  Cincinnati,  Ohio.  (Xo.  o2-i284:; 
date,  July  3, 1S94.)  The  timber  is  run  into  the  kiln  on  a  car  and  steam 
is  then  admitte«l.  while  at  the  same  time  a  solution  of  soda  ash  is 
injected,  this  alkali  neutralizing  the  acetic  acid  of  the  wood.  Steam  is 
then  shut  ott'  and  steam  impregnated  with  oil  admitted  from  a  boiler 
containing  oil  and  water,  the  oil  being  claimed  to  enter  the  timber. 
After  this  second  steaming  has  ceased  communication  is  opened  with 
a  furnace  in  which  is  burned  a  compound  consisting  of  8  per  cent  car- 
bon, 4  per  cent  chloride  of  sodium,  and  80  per  cent  sulphur,  the  fumes 
and  gases  bleaching  and  toughening  ( ?)  the  wood. 

Creosoting. 

This.is  one  of  the  best  and  most  successful  processes  and  is  very  exten- 
sively used  abroad,  but  in  this  country  its  introduction  has  been  hindered 
by  the  high  cost  of  creosote  oil  and  the  consequent  expense  of  the 
treated  ties.    The  process  consists  essentially  of  ])lacing  the  ties  in  a 
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laruc  ii'oii  ex  liiidci.  ('\Ii:msl  iiii;  ilir  ;iir.  licntiii^  llic  lies  hy  stcMiii  !(► 
soltcii  Ilic  cell  walls.  dissoKiii-  I  he  cmiiIciiIs  of  tlic  cells,  and  then 
t'oicini;  ill  lini  (MCI >st it ('  under  lucssiire.  Tlie  (mcosoIc  is  iieat('(l  in 
Ol  der  to  make  it  >ii riicieii 1 1 y  ll  iiid  In  enter  t  lie  w  nod.  Two  kinds  ol"  oil 
aren'x'd:  (1  Dead  oildi Coal'  t  a r.  ol )t  a i lied  !r<»iii  coal  and  eonlaiiiiii.ij^ 
Majilit  lialiiie  a^  its  |M  iiiei|»al  presei  N  at  i\  (' :  and  wood  creosote  oil, 
olttained  tVoiii  I  lie  destriietixc  distillaticni  ol'  pine  tiinhei'.  and  eonlaiu- 
inu  paiat'liii.  The  deiiseiiess  ol"  tlie  dead  oil  is  larucly  due  tf)  tlic 
iiaiilitlialine.  wliieli  melts  only  at  1  To  and  il'  this  is  liciiielied  and 
enters  the  wood  cells  it  Iteeomes  solidilied  and  pennaiieii  t  ly  fixed. 
A(  I  idiiie  is  an  impoi  laiil  const  itiieiit  in  (Mcsole,  and  (like.  iiii|)litlialine) 
rt'inaiiis  perma iieii 1 1  \  ;  w  inh'  tlic  t;ir  tuiids,  whicli  were  formerly  su])- 
jiosed  to  induce  coaunlation  ol'  the  albumen  in  the  tie,  and  thereby  to 
be  t  lie  principal  cause  of  |)reser\  atioii,  are  Ibnnd  to  (lisapi)ear  in  aeom- 
paiati\('l,\  short  lime.  Wood  creosote  oil  is  nmeli  cheaper  than  the 
(lead  oil.  and  is  less  dense,  while  it  is  so  mucli  cheaper  that  if  equally 
(  ellicient  it  would  ver>  iuik  Ii  advance  the  use  of  preserved  ties.  The 
])ractical  tests,  liowe\  er,  have  not  been  of  sufficient  exteut  to  be  cou- 
(  liisiNcon  this  ])oin(.  (iSV'c  Ai)pen(lix  1.)  One  of  the  creosoting"  coni- 
])aiiies  which  used  this  material,  but  abandoned  it,  states  that  its 
life  as  an  antisei»tic  is  limited  on  account  of  its  being  more  soluble  than 
dead  oil.  About  1-  pounds  x^er  cubic  loot  were  used  for  pine,  aud 
treated  ties  cost  about  three  times  as  much  as  those  untreated.  It  is 
said  to  contain  ;">;>. -U)  i)ci' cent  of  neutral  oils  (mostly  ])aralliu  oils),  30.70 
])er  cent  «d'  tar  acids,  and  10  i)er  cent  of  tar,  and  is  also  said  not  to 
soften  the  wood.  In  all  kinds  of  creosote  some  engineers  j)ret'er  the 
lighter  and  some  the  heavier  oils. 

In  (neosotiiig  the  sa[)  should  be  thoioughly  extracted,  and  if  the  oil  is 
not  well  Ibiced  into  t  he  tie  the  wear  of  the  rail  may  cut  through  and  lead 
to  decay  of  the  unimi)regnated  interior  of  the  tie.  The  natural  decay 
also  starts  in  the  interior,  which  is  not  so  thoroughly  penetrated  by  the 
l)reservative.  All  cutting  and  forming  of  the  timber  should  be  done 
before  treatment.  The  Loudon  and  Northwestern  Railway,  England, 
eiii))loys  a  cylinder  for  the  purpose  of  treating  new  cattle  and  freight 
(;ars  entire  (I'jiglish  cars  being  small  and  not  more  than  18  feet  long). 
The  details  of  oixaation  vavv.  The  Great  Northern  Kail  way  (Ireland) 
and  Lancashire  and  \ Orksliire  Itailway  (England),  whose  creosoting 
plants  were  described  in  my  Ibrmer  re])ort,  both  heat  the  oil  to  1-0'^  F., 
but  the  former  carries  a  ])ressure  of  about  100  pounds  for  thi  ee  hours, 
w  hile  the  latter  carries  loO  jiounds  for  about  fifty  minutes. 

There  is  considerabh'  dixcisity  of  oi)iinon  as  to  the  ))est  kind  of 
creosote,  and,  as  aboNc  notiMl,  some  engineers  ])refer  the  lighter  and 
some  the  heax  ier  oils.  The  Ibllowing  is  an  extract  from  an  editorial 
arti(deon  ••('reosote  specili(;at ions"  in  The  lOnginecr,  of  London,  Sc})- 
tend)er       1801,  dealing  with  the  sju'cilications  for  dead  oil  of  coal  tar: 

A  glanre  at  .a  few  sixcilicjitions  lor  cr(M)sote  uscil  by  Governinoiit  departments, 
railway  companies,  and  otln-r  l.ii-iic  consinncrs  will  sliow  tliat   certain    idf^as  aro 
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common  to  most  of  them,  and  that  such  differences  as  there  are  rest  rather  upon 
diversities  of  phraseology  and  methods  of  tesriug  than  on  any  wide  div^ergencies  of 
opinion  or  requirement.  Taking  the  clauses  in  the  order  in  which  they  generally 
stand,  one  finds  it  laid  down  that  the  specitic  gravity  shall  be  within  certain  limits. 
At  the  very  beginning,  therefore,  an  error  is  committed.  No  correlation  appears  to 
exist  between  the  specific  gravity  of  creosote  and  its  (juality,  and  if  the  limits  are  on 
this  account  put  far  enough  apart  to  include  all  samples  of  good  (juality,  the  lati- 
tude IS  so  great  that  the  demand  becomes  meaningless.  The  clause  might  with 
advantage  l)e  abolished. 

After  the  retiuirement  as  to  specific  gravity,  a  paragraph  dealing  with  the  amount 
of  naphthalene  and  anthracene  in  the  creosote  usually  occurs.  Two  methods  of 
dealing  with  this  point  are  in  vogue.  In  the  lirst  it  is  laid  down  that  when  the 
creosote  is  cooled  to  a  certain  temperature — e.  g.,  40^  F. — the  amount  of  solid  matter 
dejiosited  shnll  not  exceed  a  given  percentage,  such  as  30  per  cent.  As  may  be 
readily  understood,  this  is  hopelessly  inexact.  The  time  factor  is  neglected 
altogether.  Deposition  of  -solid  matter  i)reviously  in  solution  iu  a  liquid  like  (creo- 
sote is  by  no  means  instantaneous,  and  a  momentary  cooling,  although  complying 
with  the  letter  of  the  specilication,  will  fail  to  aH'ord  any  idea  of  the  amount  tliat 
would  be  deposited  if  the  same  temperature  were  maintaiwed.  Apart  from  itg 
inaccuracy,  considered  as4i  jirescriptiou,  tlie  clause  is  faulty  as  attaining  in  a  clumsy 
and  imperfect  manner  what  can  be  reached  with  ease  and  accunicy.  The  object 
being  to  prevent  the  presence  of  an  umlne  amount  of  solid  matter,  such  'is  naj»tha- 
leue  and  anthracene,  the  same  end  could  be  better  attained  by  requiring  that  the 
creosote  should  be  clear  at  the  ordinary  temperature  or  at  some  s])ecilied  tempera- 
ture rather  than  above  this — e.  g.,  10(»^  F. — so  as  to  insure  its  being  sufficiently  liquid 
to  be  injected  without  difficulty.  This  is  what  isactually  done  in  specilications  adopt- 
ing the  alternative  course  referred  to  above.  In  addition  to  all  this,  it  may  be  noted 
that  the  value  of  the  solid  constituents  of  creosote  as  preservatives  is  to  some  extent 
undecided,  and  there  is  reason  to  believe  that  a  certain  amount  at  least  is  distinctly 
desirable  as  being  less  likely  to  be  lost  by  exudation  than  the  li(iuid  substances 
u]»on  which  rrliance  is  generally  jdaced.  A  specific  action  has  also  been  attributed 
to  naphthalene,  not  altogether  without  reason,  but  its  volatility  at  ordinary  tcmp<ir- 
atures  makes  its  presence  iu  considerable  <iuantity  of  doubtful  advantage. 

The  third  clause  with  which  we  are  concerne<l  is  often  an  ingenious  exami»le  of 
the  art  of  '-how  not  to  do  it."  It  is  (juite  common  to  find  it  specified  that  a  certain 
percentage  of  the  creosote  shall  distil!  below  a  given  tem})erature.  Seeing  that  the 
less  volatile  is  the  preservative,  th«'  more  reason  there  is  to  expect  it  to  be  retained 
by  the  timber.  This  clause  reads  very  like  a  self-denying  ordinance,  possibly  heroic, 
but  certainly  inane.  Rather  should  the  demand  be  reversed,  and  a  maximum  fixed 
for  the  quantity  distilling  below  a  specified  temperature,  while  a  minimum  percent- 
age distilling  between  this  temperature  and  the  pitching  point  of  tiie  creosote  might 
be  required,  so  as  to  prevent  the  admixture  of  tar  and  similar  matter  not  properly 
to  be  regarded  as  creosote  at  all. 

The  crux  of  the  whole  <iuestion  is,  however,  to  come.  Every  creosote  specification 
demands  that  a  certain  percentage  of  tar  acids  shall  be  present,  and  the  demand  is 
enforced  by  many  engineers  with  a  goo«l  deal  of  rigor.  At  the  time  when  most  of 
the  specifications  now  iu  use  were  drawn  up  it  was  universally  believed  that  the 
whole  preservative  effect  of  the  creosote  was  due  to  the  tar  acids  it  contains.  Accord- 
ingly a  certain  minimum — e.  g.,  10  per  cent— was  laid  down,  and  is  retained  to  this  day. 
Moreover,  the  tar  acid,  known  to  chemists  as  ])heiiol,  being  considered  most 
efficacious,  it  was  further  required  that  one  half  of  the  total  tar  acids  should  distill 
below  a  specified  temperature,  the  intention  being  to  secure  in  this  fraction  a  con- 
siderable proportion  of  the  most  active  preservative.  Advancing  knowledge  has 
shown  that  the  preservative  action  of  the  class  of  bodies  of  which  jihenol  is  the  type 
and  first  member  has  been  much  overrated,  and  it  is  doubtful  whether  the  chief  effect 
of  creosote  is  not  due  to  the  neutral  oil  which  constitutes  its  bulk,  rather  t  han  to  the 
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ooinparativt'ly  small  i|iiaiilit\-  <>1"  lar  acids  ii  coiilaiiis.  I'.iit.  ii(  Vi  it]i<  lr>>s,  until  this 
Ijas  Ix't'M  deli  nit  fly  |>ri)\  ,•  I  t  in  -  ti:i  use  iiin  Icr  <1 1  sr  ussioii  ma  \  well  lie  i  .1  :i  i  ip  <!  as  la  i'  as 
it  |•(•Iat^•>^  l«>  I  Ii(>  total  ■|iiaiil  II  \  oi'  I  ar  aiiils  ;  l»iil  lia\iii'4  ic^a  nl  I  u  1  hr  I'ail  Ihalany 
i^rratrr  |)r<scr\at  i  vc  aclinii  llial  iiia>  i»c  possc^si'd  l>y  iiIkiidI  will  In  more  iliau 
0()iintt'rl)alaiicrd  li\  ils  uifalcr  \i)lalilit\  and  sol  ii  l.i  I  it  >  .  tin-  Miitclaiisr  dcaliii-  with 
tlH«  iVactioiial  inn  of  t  111-  tar  acids  i>\  distillation  should  ci  t  Ini-  hr  st  i  ludv  on  t  a  1 1  o- 
•;(>thcr  or  rc\ crsfd .  -.o  as  \n  |»r(vscnl>c  ilic  inavinimn  that  nia\  lie  allowed  lo<listill 
hidow  a  spccilicd  t  cinpci'a  t  lire.  The  allcration  ol"  s|»rci  lica  t  ioiis  thai  lia\c  proved 
ilxd'ii  I  in  t  liei  r  day  shon  Id  not  lie  set  alioiit  I  i '4h  I  l>  <>r  w  i  t  hon  I  icasona  I  dc  ca  ii>r  ;  when 
tlie  existence  of  t  hat  cause  has  l>een  pro\ cd .  a  1 1  era  t  ion  can  not  he  too  pidinpt  and 
thor()U,i;Ii.  We  l.cli(>ve  t  hat  (•noll^h  has  he,  mi  said  l(»  show  that  in  spec  i  lira  t  ions  lelal- 
iui;  to  creosote  iheic  is  at  least  room  for  re\  ision. 

'rii(Vs|»('c]lic;it  ions  of  t  he  ( Ircat  Nortliei  ii  Uailway  of  Ii-eland  re(|uirc 
tli(M  i('()S()t(M>il  t(»  be  ol'  llio  best  (niality,  (listilliHl  from  coal  tar,  and 
lr(H' iVoiii  i;if  or  other  impurities.  It  must  have  a  density  or  specific 
giavity  as  near  to  10.50  as  ])ossible,  the  variation  permitted  being*  from 
1().;>.")  to  lO..").") :  walcr  bciiii;-  10,  and  the  temperature  being  00^  F.  It 
must  l)(M'omi)lete]y  tbiid  at  101)^,  and  must  not  dej)()sit  crystals  of  napli- 
tlialciic,  ])araiiaphtlialene,or  other  substances  when  sid)jected  to  a  tem- 
perature of  to  .  It  must  yiehl  to  a,  solution  of  caustic  potash  not  less 
tlian  S  j)er  cent  of  crudc^  carbolic  and  other  tar  acids.  On  trial  by  dis- 
tillation only  one-fourth  is  to  distill  or  i)ass  over  at  a  temi^erature  of  ()00^, 
and  this  fourth  nnistbe  heavier  than  water.  The  Southern  Pacific  Kail- 
way  has  no  lixed  specilications  for  the  dead  oil,  but  simply  exacts  that 
it  shall  not  have  been  treated  for  extraction  of  the  aniline  i)roducts,  as 
it  has  l)eeii  learned  from  the  experience»of  others  that  dead  oil  treated 
for  the  extraction  of  chemical  i)rodiicts  atter  it  was  distilled  did  not 
seem  to  f»i\'e  good  service  when  injected  into  timber. 

The  Lehigh  Valley  Creosoting  Company  states  that  the  weight  of  the 
dead  oil  varies  considerably,  but  that  it  tries  to  get  an  oil  the  hydro- 
meter w(Mght  of  which  is  as  near  1.050  at  00^  Fahrenheit  as  ])ossib'e, 
which  would  make  the  weight  8.7  pounds  ])er  gallon. 

The  details  of  creosoting,  as  carried  on  at  the  Southern  Pacilic  Com- 
l)any\s  works  at  riouston,  Tex.,  as  described  in  Mr.  Kruttsehiutt's 
statement,  already'  icferred  to,  are  as  follows: 

A  \  aciinni  of  I'l'  to  iM  incdies  is  creatod  (in  the  cylinder),  roqiiiriiiij;  ahout  10  niin- 
iitcs.  Live  steam  then  tiiniod  in,  destroying  tli(^  vacuum,  and  giving  a  teni]>cratur6 
in  the  cylmdcirs  of  ahout  1125 decrees  Fahrenheit.  This re(|uires  from  IT)  to  20 minutes. 
The  vacuum  jiump  is  a<^aiu  started,  and  a  vacuum  is  created  to  open  the  pores  of  the 
wood  w<dl,  :ind  to  liav(^  the  cylinders  heated  uniforndy.  This  re([uires  1.")  to  20  niin 
utcs.  Live  steam  is  aijain  turn(Ml  on.  and  pressure  raised  to  :>()  ])ounds  in  ahoiit  I'l 
minutes,  bein^  Indd  at  this  from  (!  to  S  hours,  aecordini;-  to  t  he  size  and  kind  of  tim- 
ber, care  bcin^  taken  to  pre\'enf  the  temperature  from  exceed  i  iil^  250  degrees.  Steam 
is  then  blown  oil,  rei|iiirin^  10  ininut<'s.  The  vacuum  pump  is  then  again  )nit  into 
operation,  ami  for  the  third  time  a  \aciiuiii  of  21  to  20  inches  is  made,  re([uirin.L!; 
about  i)0  minutes,  \\  hile  blow  int; off  and  ol)taiuin^  this  vacuum,  and  also  during 
its  continuance,  the  sui)erheater  is  used  to  maintain  a  temperature  of  225  deforces  on 
the  timber.  The  third  vacuum  of  2t  to  26  inches  is  maintained  fidin  1  to  (!  luuirs, 
after  whi(  h  the  cylimlers  are  hlled  with  Creosote  oil  at  a  temperature  of  ahout  170 
degrees.    This  re(iuires  about  35  to  40  miuutea. 
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The  pumps  are  then  started  and  the  pressure  is  raised  tVoni  SO  to  100  pounds  per 
square  inch,  and  maintained  from  1  to  2  hours,  accordiui;  tt)  tho  kind  aiul  size  of 
timber.  The  cylinders  are  then  opened,  after  emptying  them  of  the  oil,  and  tlu'  train 
pnlliHl  out  and  another  charge  made  in  40  to  GO  minutes.  The  average  time  ol'  treat- 
ment is  from  18  to  20  hours;  the  average  absorption,  gallons  per  cubic  foot.  The 
cost  of  this  treatment  has  A^aried  from  $12.50  to  $14.50  per  thousand  feet,  B.  M.  The 
works  have  a  capacity,  when  treosoting,  of  treating  about  800,000  feet,  B.  M.,  per 
month. 

It  has  been  our  experience  with  the  woods  treated  with  creosote  oil  that  they  are 
in  no  way  softened  l)y  tlie  process,  if  they  arc  allowed  to  stand  about  six  weeks  alter 
treatment  l>efore  being  pnt  into  service.  This  conclnsion  was  arrived  at  in  observ- 
ing that  the  liange  wear  on  ties  before  tie  i)lates  were  used  was  not  more  than  on 
untreated  ties,  and  again,  that  spikes  were  driven  with  no  more  ease  than  with 
untreated  tics. 

Tlie  mauiior  of  yanjiing"  the  (|iiautity  of  oil  put  in  the  timber  is  as  fol- 
lows, the  details  ^iven  beiuii'  of  the  pni(;ti(;e  followed  at  the  ereosoting 
works  of  Kicker,  Lee  v.K:  Co..  at  (lalvestoii,  Tex.  Tiiese  works  have 
treated  large  <iiiantiti('s  of  heart  yellow-pine  blocks  for  street  paving, 
the  blocks  being  o  hy  inches  section,  0,  8,  and  10  inches  long,  specified 
to  receive  not  less  than  10  ])()unds  of  creosote  i)er  cubic  foot,  and  the 
pavement  is  guai-anteed  for  ten  years.  The  cylinder  is  0  feet  inside 
diameter,  HHi  feel  long,  made  ol' .]-inch  steel  ])lates  of  00,000  ])Ounds  per 
s(|nare  inch  1  ensile  strength,  and  closed  by  henuspheiMcal  doors,  l^^acb 
cage  car  holds  5. 000  feet.  !'>.  M.,  paving  blocks  loaded  loosely,  and  six 
cars  are  run  in  at  one  time,  mak  ing  a  charge  of  30,000  feet.  Twocharges 
are  treated  jxa-  day,  making  a  <laily  ont|)ut  of  00,000  feet,  r>.  M.  Kaeh 
car  has  four  wheels  IS  inches  diameter,  running  on  K)-i)ound  rails  car- 
ried on  brackets  l  iveted  inside  the  cylindei'.  The  cars  ai-e  hauled  in  and 
ont  hy  means  of  ;i  wire  I'ope  and  a  winding  engine.  The  doois  are 
seah'd  1)\  means  of  ;in  annular  ril)  on  llie  lace  of  the  door,  lilting  an 
annular  groove  on  the  cylimler,  in  which  groove  is  litted  a  gasket  of 
heavy  canvas  belting.  The  tind)er  is  heated  or  seasoned  by  ])assing 
vSteam  (superheated  to  alxnit  700'^  F.)  through  0,000  feet  of  I -inch  heat- 
ing i)ipe  coils  inside  the  cylinder,  while  a  vacuum  of  15  to  -50  inches  is 
maintained  within  the  cylindei'.  The  creosoted  oil  is  then  admitted, 
tlow  ing  through  a  15-inch  ])i])e  IVom  an  ele\'ated  tanl-:  of  71,500  gallons 
capacity.  This  pi})e  opens  into  a,  lU-inch  i)ipe  under  the  cylinder,  from 
wiiich  run  four  8  inch  branch  pipes,  leading  to  valves  in  the  bottom  of 
the  cylinder.  The  cylinder  is  lilled  in  six  minutes,  and  more  oil  forced 
in  by  a  duplex  ])ressure  pump  until  the  timber  has  absorbed  the  required 
amount.  The  oil  is  then  run  out  through  the  same  pipes  and  by  a  V2- 
iiieh  main  to  an  umlerground  tank  of  8,000  gallons  capacity,  from  which 
it  is  again  j)umped  up  to  the  storage  tank.  The  doors  are  then  opened, 
the  cars  hauled  out,  and  another  train  run  in  from  the  oi)i)osite  end. 

To  return  to  the  matter  of  gauging  the  quantity  of  oil  put  into  the 
timber,  the  practice  followed  at  these  works  is  as  follows:  A  wire 
attached  to  a  float  on  the  inside  of  the  storage  tank  leads  to  a  gauge 
inside  the  building,  which  is  gnlduated  to  feet  ami  decimals,  up  to  20 
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feet — tlic  (U'ptli  <>r  the  taiilv.  A  lablf  calculated  lor  each  (Iccinial  shows 
at  a  glance  the  number  of  liallons  of  oil  re|)resciite<l  1)\  the  index  of 
the  liauuc  The  exact  contents  of  ihc  «  \  iindci  ami  i)iitcs  leadini^^  to  it 
from  the  tank  hein.^  known,  the  load  disi)lacement,  includiiiL;  ca-cs,  all 
1  educed  to  iiallons.  is  subtracted  from  this,  the  remainder  showin*^ 
si»ace  nnoc<-nitied  in  c_\iiiider.  To  t his  space  is  acMcd  the  iiuinl)er  of 
Liallons  reijuired  to  be  absorbed  b\  t  he  timber,  and  tiie  snm  is  the  total 
!nnnlt(M'  of  i^allons  that  must  be  put  in  the  cylinder  to  (ill  it  and  force 
the  retpiircd  amount  of  oil  inlotlH*  timbei'. 

Tlu'  followiiiu  is  a  copy  of  record  as  kept  for  each  chai  'i'e  made: 

/,<-,(./  .\«.  :<.',— (h  iohi  v  11,  Is:i.;—ll  ('dii(S(l(i,i. 

Gallons. 

CyliiidtT  s]);i(  ('.  eiM]ti_\   51,5(X> 

l)isi.la.-,  in»M>t,  29,100  r.'ot.  li.  .M..  1. locks ^   IS.  S-Ji; 

»)  cjii^rs  ;it  lOA  ciiliic  fi'ct^OO  cubic  feet—   710 

 10,066 


L'i'.tiHi  r.ft.  r».  M.     2,150  cubic   iVct  to  rcctiivc  10  pounds   oil    per  cubi* 
foot  ,    2  t,.">nO  pounds   


Oil  rc(|uirc(l  in  i  ylindcr   35,218 


(;:nii:c  H.S.Hiiriin  back  to  8,375.)  =   1 

Check  : 


7St 

35, 

218 

47. 

361 

35, 

218 

12. 

143 

47,  361 

44. 

502 

nil  actually  juit  in  blocks  =   2,859 

2,859  X  8.8 


2,450 


10. '^7  jiounds  jtcr  cubic  loot  put  in  blocks. 


Vacinim  on   7  : 45  a.  ni. 

( )il  on   3  ]).  ui  =     hours  vacuum. 

Pressure  on    4  :  45  p.  m  =  IJ  hours  ])ressure. 

Oil  otr   5  :  30  p.  ni  =  2A  Lours  oil. 

Maximum  vacnnni,  13  indies:  maxinnunoil  pr«>ssure.  ()0])ounds;  maximum  super- 
heater, 600- . 

Gauge  A  represents  oil  in  storaiie  tank  previous  to  filling  cylinder, 
(iauge  J)  represents  the  ])oint  to  which  gauge  must  be  brought  back  to 
put  the  rerpiired  amount  of  oil  in  blocks  at  calculated  (luantity  per 
cubic  foot,  (rauge  (Ms  the  standing  of  gauge  after  the  oil  has  been  run 
ort'  the  charge  and  returned  to  storage  tank.  The  diflerence  between 
gauges  A  and  shows  the  exact  quantity  of  oil  absorbed  by  the  blocks. 
The  ditVerence,  multiplied  by  S.S,  the  number  of  pounds  (^f  oil  in  one 
gallon,  ami  divided  by  number  of  cul)ic  I'eet  of  timl)er  in  one  charge, 
gives  the  average  number  of  ])ounds  of  oil  j)er  cui)ic  fool  ]>ut  in  the 
timber. 

The  Central  Kaihvay  of  New  Jersey  laid  about  4,(K10  creosoted  \'ir- 
ginia  pine  ties  in  its  main  track  near  Bound  Brook,  N.  J.,  iu  187(),  and 
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in  1894  Mr.  Olliaiiseii,  general  snperiutendent,  reported  that  1,000  were 
still  in  use  and  in  good  condition.  They  were  treated  by  contract  with 
about  12  i^ounds  of  dead  oil  per  cubic  foot. 

The  New  Zealand  Government  railways  used  various  native  and 
imported  timbers  up  to  1885;  but  as  the  supply  of  the  best  qualities  of 
the  former  diminished  and  prices  increased  with  the  demand  for  con- 
struction and  maintenance,  while  the  forests  contained  many  timbers 
suitable  for  ties  except  in  regard  to  their  resistance  to  decay,  the  Gov- 
ernment decided  to  try  the  creosoting  process.  In  1885  a  contract  was 
let  for  150,()0()  creosoted  ties  at  a  little  less  than  $1  per  tie,  the  contractor 
arranging  to  erect  the  works.  Tiie  cylinder  was  ()(>  feet  long,  and  G 
feet  G  inches  in  diameter,  with  su])erhcating  pipes  and  rails forthe  cars. 
The  charge  consisted  of  \)  cars  of  Gl  ties  each,  or  ties,  fresh  from 
the  saw.  When  the  air  had  been  exhausted  the  cylinder  was  filled 
with  creosote  at  120^  F.;  superheated  steam  at  400°  was  then  turned 
on,  and  the  creosote  kept  at  212°,  with  a  vacuum  of  10  inches  of  mercury 
to  draw  off  the  volatilized  sa]).  This  was  continued  for  fifteen  lumrs, 
when  communication  with  the  vacunnj  tanks  Avas  closed  and  the  tem- 
perature raised  to  2.'>5  or  240-^.  The  aiiKMiiit  of  oil  absorbed  being  then 
ascertained  by  gauges,  the  quantity  reijuired  to  make  up  the  si)ecitied 
amount  of  IS  pounds  per  tie  (2  cubic  feet)  was  i)un)i)ed  in  at  10  to  50 
])ouMds  pressure.  The  time  consumed  over  one  charge  was  abouttwenty- 
three  hours.  The  woods  treated  were  as  follows:  ''Rinni,"  or  red  pine 
{I><(cri/tlitin)  ciiprrssimnni):  miro,"  or  bastard  black  p'lwe  {/ *<Kl<)C((r pus 
f«'rf}t(inicn)\  ami  white  \)\\\('  (  rodoca  r/ms  (l((cri/(Ii<>i(h's).  These  absorbed 
about  12.4,  9,  and  bJ.S  [jomids  per  cnhic  fool ,  respe(;tively ;  while  the 
production  of  sap  was  \.\)\,  l.  ll,  and  2. HI  gaHons  per  tie.  Ties  put  in 
thec>  lin(ler  on  Saturda>-  liad  tiie  sap  e\ t racted  the  same  night,  and 
were  then  allowed  to  remain  in  tiie  oil  until  Monday  morning.  This 
resulted  in  a  greater  absori)tion,  but  the  usual  50  ])ounds  i)ressure  was 
still  re(piired  to  complete  the  quantity  to  be  forced  in.  It  was  consid- 
ered that  all  boring  and  cutting  should  be  done  before  treatment,  as 
investigation  showed  that  the  heavier  oil  did  not  penetrate  the  middle 
portion  or  heart  of  tiie  ties.  After  treatment  the  ties  were  stacked  in 
long  rows  15  ties  high,  so  as  to  reduce  the  evaporation,  and  in  order  to 
lessen  the  danger  from  lire  the  to[)s  of  the  rows  were  covered  with  3 
inches  of  soil. 

The  creosoting  piocess  is  almost  universally  used  in  France,  and 
creosoted  beech  ties  on  the  Northern  Railway  of  France  have  an  aver- 
age life  of  27  years,  and  the  Eastern  Kailway  of  France  protects  its 
creosoted  ties  from  wear  at  the  rail  seats  by  means  of  felt  i)lates.  (See 
also  the  notes  on  the  East  Indian  Railway,  India,  in  Part  I.) 

RUIINETTIZING. 

This  process  (somewhat  commonly  known  as  the  zinc-chloride  ])rocess) 
consists  in  impregnating  the  ties  with  a  solution  of  metallic  zinc  in 
hydrochloric  acid,  the  methods  of  operation  being  similar  to  those  for 
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croosot  in  Li".  It  lins  Ixmmi  c  \  t  cnsi  \cI  y  used  in  I'ln  lojx'  (nr  ;il)()nt  (il'ty 
y<*ars.  Mild  <»n  •xinic  of  liic  hum'  ^Nfslt'rn  loads  in  I  Iiin  conm  ly  ii  lias 
j)r(>\»'(l  cnii  ncn  I  ly  succcssI'm  I.  linnict  I  i/cd  'icnilncl;  and  I  aihii  rack  tics 
were  laid  in  l  >l>ti(Mi  I  lie  (  Mi ica^o,  \U)vk  Island  and  racilic  iJail\va>' near 
Chicap).  and  in  1  a  It  cr  sixteen  years'  liea\  \  I  ra  .lie.  ahonl  7."»  per 
cent  were  still  in  llic'  tiack,  and  the  I'ails  iiad  in)t  cat  tlicni  nioic  llian 
white  oak  lies.  The  liiion  Tacilic  IJa  i  I  w  ay  est  ablished  \\ ayrks  a  I  Lara 
inie,  \\'\(>..  at  uliicli  I  lie  lirst  lies  weic  ticaled  in  ISIKI,  and  the  las(  in 
1SS7,  the  total  iiundtei'  treated  hein^' LM)7,S7S.  The  lies  were  nsed  tor 
tlic  most  part  on  the  Wyoming-  I  )ivision,  and  it  is  estimated  (hat  the 
treatment  iiuM-eax'd  theii-  life  abont  thre(\vears,  'Die  Ateliison/ropeka 
and  Santa  I'e  Railway  also  has  a  plant  ol"  its  own.  nsin.u'  a  solntion  of 
1  ])onnd  of  (dilori(h' ( d' /.i iH'  t  o  t  ^'allons  ot"  water.  The  <»"reen  ties  (-ost 
al)ont  1 1!  cent  s  each,  and  I  he  treatnient  eosts  about  >«5  per  1, 0(10  feet, 
B.  M.,  or  L'o  cents  i)er  tie.  The  /inc  solution,  uidike  creosote,  should  uot 
be  heated.  The  sobition  has  the  property  of  liardenin<>'  the  wood,  but 
also  alVecis  its  strein^th  and  eUietieity,  inakiuo- it  brittle,  especially  if 
too  stronu  a  solution  (over  ])er  cent)  is  used.  Tlu^,  ties  are  said  to  be 
liable  to  split  if  ex])osed  to  a  hot  suu.  The  niaterial  iu  the  ties  after 
treatment  is  very  solui)le,  and  for  use  in  wet  or  damp  locations  an 
auxiliaiy  treatment  to  ])revent  leacliinii'  or  washinin-  out  of  the  zinc  is 
often  resorted  to,  as  noted  further  on.  The  details  of  the  pnx^ess  as 
carried  out  at  the  works  of  the  Southern  Pacific  Railway  and  described 
in  the  statement  by  Mr.  Kruttschnitt,  alieady  referred  to,  are  as  follows: 

III  the  treatnu'iU  of  tics  with  cldoridc  of  /inc  c;n-c  is  taken  in  charginf^  the  cylin- 
ders to  fill  thcni  MS  nc.iily  as  possiltjc  witli  tics  of  llic  vSamo  a<>(^.  Tliis  is  to  .secure 
uniforin  troatnieiit,  for  if  green  tics  and  tics  tliat,  liave  heoii  seasoned  for  about  six 
montlis  are  siil)iecte<l  to  the  same  treatment  the  percentage  of  absorption  of  the 
seasoned  ties  will  he  very  much  greater  than  th<;  absorption  by  the  green  ties.  The 
zinc  solution  contains  1.7  per  cent  of  the  cliloride  of  zinc,  'fhis  corresponds  to  2^^ 
on  the  scale  of  the  Beaumo  hydrometer. 

I'irst,  a  vacmim  of  22  to  21  inches  is  created,  lliis  rciiuiring  about  ten  minutes. 
Live  steam  is  next  turned  in,  destroying  the  \  aeuum,  and  giving  a  temperature  of 
about  12.")  in  tin;  cyliiider.  This  takes  filteen  to  twenty  niinntes.  The  vacuum 
])nm])  is  again  started  and  a  second  vacuum  created,  recpiiring  fifteen  to  twenty 
minutes.  In  this  v>",\y  the  pores  of  the  wood  arc  w(dl  opened  and  the  cylinder  heated 
uniformly.  Live  steam  is  then  again  turned  on  and  t  he  pressure  raised  to  .30  ponnds, 
giving  a  tem])ciatnre  of  from  210  to  i^-tO  1".  Tliis  recpiires  about  forty  miuut(\s. 
The  steam  is  held  at  jtouncN  ])ressure  for  from  llirce  and  one-iialf  to  si\  hours, 
aceordinij;  to  the  kind  and  condition  (tf  linilier.  Steam  is  tlicn  Idow  ii  oil,  taking 
about  fort'V  minnlcs.  I'lie  \;icnnni  )inin]t  is  ;i^;iin  started  and  a  third  \-acnum  of 
from  2  1  to  L'li  ini  licN  ( d)ta  i  ned ,  rc(i  n  i  ri  ng  a  I  ion  I  ninct\  ininnlcs.  Alter  this  tin'  cyl- 
inder is  lillecl  witii  the  /inc  solution,  taking  aliont  t  w  eiity- Ii  \  c  ininntcs,  and  llie 
pressure  is  then  raise<l  to  from  SO  to  100  pounds,  and  ludd  at  this  I'or  iVom  one  to  one 
and  one-half  hours,  depend  iui;  entirely  upon  the  kind  and  the  ((nnlitittn  of  the  tim- 
ber. The  solution  is  then  run  olV,  taking  about  twenty  minutes.  The  cylinder  is 
next  opened,  tin  train  pulled  out,  and  another  one  ])laced  iu,  rcad\  to  start  again  iu 
forty  to  sitxy  minutes  from  the  time  of  opening  the  cylinders. 

The  average  time  of  treatment  is  from  eleven  to  twidxc  hours.  The  cost  of  treat- 
ment of  a  tie  ()  1>.\  s  inches,  8  feet  long,  is  from  !»..")  cents  to  12  cents.    The  average 
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absorption  per  tie  is  -i)^  gallons.  During  the  year  1893  there  vrere  treated  221,126 
ties,  the  works  having  a  capacity  of  about  52,000  ties  per  month.  Alter  being  treated 
the  ties  are  stacked  in  piles  and  allowed  to  season  from  six  to  eight  weeks  longer. 
In  no  case  is  a  treated  tie  put  into  the  track  under  less  time  than  this.  Burnettized 
ties  are  unquestionably  more  brittle  and  harder  than  untreated  ties,  so  much  so  that 
we  would  strongly  discourage  the  use  of  burnettized  tiniber  for  any  part  of  a  struc- 
ture where  it  may  be  liable  to  take  any  stress  or  load.  Only  sap  ties  are  treated. 
These  are  purchased  at  the  mills  in  eastern  Texas  for  about  3  cents  each,  the  dimen- 
sions of  the  tie  being  6  by  8  inches.  8  feet  long. 

The  average  life  of  an  untreated  sap  tie  is  about  two  and  one-half  years.  With 
regard  to  the  life  of  treated  ties  I  may  state,  as  an  example,  that  this  company  has 
recently  abandoned  about  22  miles  of  its  original  line,  where  it  was  found  that  ties 
placed  in  this  section  of  the  track  in  1887  and  1888  were  still  in  a  perfect  state  of 
preservation.  In  no  case,  so  far  in  our  experience,  has  decay  of  the  tibers  been  the 
cause  of  removal  of  a  treated  tie,  the  cause  always  having  been  due  to  an  accident 
or  to  its  having  been  broken  or  shaken.  Our  records  show  that  1,138,360  burnettized 
ties  have  been  placed  in  the  track  since  1887,  the  number  of  burnettized  ties  in  the 
track  for  the  year  1803  being  only  17.9  percent  of  the  total.  For  last  year  the  per- 
centage of  our  tie  reniovals  totlu'  total  number  of  ties  in  track  was  7.4  per  cent,  and 
of  this  amount  the  pereentagc  of  the  removals  of  treated  ties  was  practi<>ally  nothing. 

As  to  the  zin<-  solution,  we  purchase  :i  solution  of  ehlf)ride  of  density  of  50  degrees 
Beaume,  It  is  slightly  iliscolnred  by  iron  to  the  extent  of  not  over  1  to  2  per  cent. 
The  crude  concentrated  s(»lntion  is  diluted  for  imjjregnating  the  ties  to  a  density  of 
ab<»ut  2h  degrees  Beaunn''.  We  do  not  give  burnettized  ties  a  second  treatment  to 
prevent  washing  out  the  zinc  solution,  as  uji  to  the  present  time  we  have  confined 
their  use  to  thoronghly  ballasted  traek,  which  drains  well.  Furthermore,  the  larger 
number  of  ties  so  treated  are  laid  w«'st  of  San  Antonio,  Tex.,  in  .i  very  dry  region, 
where  we  are  not  in  the  least  tr(»ubled  by  washing  out  of  the  zinc  solution.  1  had 
investigated  the  Wellhouse  process,  as  used  on  the  Atchison  and  Union  Pacific  roads, 
and  concluded  that  the  benefits  were  not  sutlicient  to  warrant  the  paying  of  a 
royalty  for  using  it. 

Ill  regard  to  tlio  lartrr  para.urapli  ii  iiia.\'  Im-  noted  thai  (Hm- of  tlie 
rules  in  tlie  rnmpany's  traek-iii.structioii  l)ook  is  to  tbe  ellecf  tliat  a.s 
far  a.s  practicable  the  burnettized  ties  are  nsed  in  dry  and  well-drained 
localities,  as  tlie  chloride  of  zinc  witli  wliicli  tlicy  are  inipre^>iiated  is 
e.xtreniely  soluble.  Tlie  date  of  treatment  is  stainiied  on  the  end  of 
each  tie,  so  that  accurate  records  of  service  can  be  kei)t, 

Wellhouse  Process,  and  Ojiier  Zixc'-Auxiliarv  PRorEssES. 

As  already  noted,  an  objection  to  the  Ijurnettizin*^'  yirocess,  especially 
when  ties  are  to  be  used  in  wet  or  damp  districts,  is  the  liability  of  the 
zinc  to  be  washe<l  or  leache<l  out.  more  by  damp  atmf)si)liere  and  ballast 
than  by  heavy  rains.  Tliere  may  also  be  chemical  constituents  in  the 
balla.st  which  will  ehanjje  the  chloride  of  zinc  to  oxide  of  zinc,  the  lat- 
ter bein.ii  a  nonantiseptic.  To  overcome  this  objection  several  auxiliary 
or  combination  processes  have  been  introduced.  The  best  known  of 
these  is  the  Wellhouse  or  zinc  tannin  process,  in  which  the  ties  are 
impregnated  with  chloride  of  zinc  mixed  with  a  small  i)ercentage  of 
dissolved  glne  (2  pounds  of  glue  to  100  gallons  of  the  solution),  and 
then  snbjected  to  100  [)Ounds  pressure  for  about  2).  hours,  after  which 
the  solution  is  drawn  off  and  a  tannin  -olntion  added,  a  pressure  of  100 
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|M)iiii(ls  hciii-  t  ln'ii  lor  I  lioiii'.     'IMic  taiiiiiii  coinliiiics  w  itli 

I  lie  ulllt'  ;iii(l  Ini  iii--  ;i  Ic.il  lici  v  \\  ;i  I  ('I  ] )i  < »( d'  >i 1 1  >^t  ;i  i ic<'  w  liicli  |  tci  iiiii  iicii  t  ly 
closes  the  ( ml  cr  [x  hcs,  or  cv'l  Is.  c  \  lul  i  ii  -  t  lie  (l:i  iii  |  >  ;i  ik  I  ic  I  ;i  i  1 1 1 1 1  u  t  lie 
/inc.  'I'lic  /.iiic  soli'tioii  i>  n.Ol,"^!  per  cciil,  and  llic  lannin  solnlion  n. ()()."> 
|)cr  ccnl  in  slicn^lli.  In  (he  /.inc creosote  pi-ocess  llie  lies  aic  iirst 
inipi-emiateil  willi  dead  oil:  llie  oil  is  tiien  drawn  ol!"  an<l  llie  cvlinder 
lilled  w  11  li  a  zinc  solntioii  which  passes  (iironuh  Ihe  oil  and  inin  l  Ik' 
iniM'i'  i»arts  which  the  oil  will  nol  |)e!H'l  lat  e.  'I'he  /.inc  inav  l)c  injected 
lirsl,  and  the  dead  oil  I  hen  injected  to  (dose  the  outer  pores,  hnl  in  this 
case  d(da,\'  is  caused  l>y  llie  necessity  ol"  e\aporatiu,i;"  some  of  the  niois- 
Inie  beloic  adniittinu  the  oil.  The  /inc  ^■y])suin  jnocess  consists  in 
iniprouinit  ini:  the  lie  with  a  solnlion  of  i;',\i>sniu  and  (diloiide  of  /inc. 
(Nrr  Ap|>endi\  1 .  i 

'iM;e  W'ellliouse  is  the  most;  extensively  used  of  these  combination 
processes,  and  has  i^iven  satisfactory  results  in  this  country.  On  the 
At(diison.  Topeka  and  Sania  l-'e  Kail  way  it  was  estimated  that  hemlock 
or  beech  ties,  costing  oo  cents  each,  could  be  treated  for  18  cents,  or  only 
L*  Ol  .)  cents  more  than  for  burnettizing',  making  a  total  cost  of  cents 
l)er  tie  ami  inereasiuii' the  life  to  VI  or  14  years,  accordingto  tlie(iuality 
of  the  timber  and  the  thoroughness  of  the  treatment.  By  this  means 
an  increase  of  50  to  7.")  per  cent  in  the  life  of  ties  may  be  effected,  with 
a  corresj)oiHlin^ decrease  in  renewals.  A  special  claim  of  economy  is 
made  for  tliis  process,  a>:  it  enables  otherwise  useless  timber  to  be  made 
available,  and  to  last  as  long  as  expensive  timber;  the  cost  of  the 
treated  tie  of  cheaj)  wood  being  less  than  tliat  of  the  green  tie  of 
expensi\-e  wood,  wlule  the  life  of  the  former  is  e(pial  to  or  even  greater 
than  that  of  the  latter,  thus  effecting  a  most  (l(M;ided  economy.  The 
mountain  pine  ties  used  on  the  Union  Pac^ifii^  Railway  cost  about  55 
cents  ea(  h,  laid  in  the  track,  and  lasted  about  4  years,  the  cost  thus 
averaging  liV'J  cents  per  year.  The  treated  ties  cost  75  cents  each  and 
were  expected  to  last  VI  years,  the  cost  thus  being  only  ()|  cents  per 
year.  Ex[)erien(.*e  \vith  the  process  in  this  country  dates  back  only  to 
ISSl-'Sli,  when  some  of  the  most  perishable  kinds  of  w^ood  were  treated 
in  St.  Louis  and  laid  at  Topeka,  Kans.,  and  La  Junta,  Colo.,  on  the 
Atciiison,  Topeka  and  Santa  Fe  Uailway,  and  the  observed  results  in 
1891  and  18!»4  were  as  giv^en  in  the  following  table: 


li  t  IHtiHist  t'u'H — Atcliisoii,  Topikn  antl  Sunta  i'c  L'dihrioi 
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51 
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49 
49 
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19.6 
00.4 

100 
9G 
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47 
11 

22 
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These  ties  represented  woods  that  would  have  lasted  only  from  one 
to  four  years  untreated;  and  in  fact  untreated  ties  laid  at  the  same 
times  as  the  above,  and  adjoining  them,  had  all  decayed  and  been  taken 
up  by  ISUl,  when  the  treated  red  oak,  black  oak,  and  Colorado  pine 
showed  indications  of  an  average  life  of  ten  to  fifteen  years. 

The  following-  particulars  of  the  results  obtained  from  the  use  of  this 
I)rocess  have  been  furnished  me  by  Mr.  Octave  Chanute,0.  E.,  who  has 
had  extensive  experience  in  timber  preservation : 

Ties  have  been  treated  by  this  process  at  three  works;  (1)  by  the  Atchison, 
Topeka  and  Sauta  FeKailway,  at  its  own  works  at  Las  Vegas,  N.  Mcx. ;  (2)  by  the 
Union  Pacif  c  Kailway,  at  its  own  works  at  Laramie,  Wyo. ;  and  (3)  by  the  Chicago 
Tie  Preserving  Company  (for  the  Chicago,  Rock  Island  and  Pacilic  Railway)  at  Chi- 
cago, 111.    The  nnmbers  treated  each  year  were  as  Ibllows: 


Year. 

Atchi.son,  Topeka 
and  Santa  Fe  Kail- 
way  (Las  Vegas;. 

Union  Pacific  Rail- 
way (Laramie). 

Chicago,  Rock 
Island  and  Pacific 
Railway  (Chicago). 

Mountain  pine. 

Mountain  pine  and 
hemlock. 

Hemlock  and  tam- 
arack. 

1885-'86  

261,007 
320,  9  J2 
201,096 
241,871 
98,  353 

140,  nso 

101,889 

148,  823 
254, 188 
209,  734 
210, 169 
253,  267 
8^0,  431 
:J25,  736 
406, 154 

1887   

1888   

1889   

1890  

1891  

1892  

1893   

Total    

1,298.884  1  242,469 

2,  148,  502 

At  Las  Vegas  and  at  Laramie  the  treatment  has  l)een  cliiefly  confined  to  monntain 
pine,  which  absorbs  the  solutions  very  well.  At  Chicago,  hemlock  and  tamarack 
have  been  treated.  These  woods  are  somewhat  more  refractory  because  of  their 
closer  grain.  The  cost  of  treatment  varies  from  17  to  20  cents  per  tie,  according  to 
size,  amount  of  absorption,  location,  etc.  This  includes  interest  and  repairs  on 
l)laut. 

In  regard  to  durability,  etc.,  the  Atchison,  Topeka  and  Santa  Fe  Kailway  reports 
that  its  tie  renewals  have  been  largely  reduced  by  th<;  treatment.  In  18iJ0  it  aban- 
doned the  zinc-tannin  process  and  treated  its  ties  by  the  burnettizing  process  pure 
and  8imi)le,  which  is  cheaper;  but  in  1893  it  resumed  the  zinc-tannin  process,  and  is 
operating  it  now.  The  Union  Pacific. Kailway  stopped  operating  its  works  in  1887, 
for  financial  reasons,  and  has  not  resumed,  the  works  having  been  partly  destroyed 
by  tire.  On  the  Chicago,  Rock  Island  and  Pacific  Railway  practically  no  tics  treated 
by  the  zinc-tannin  process  were  renewed  until  1892,  or  after  six  years' service.  In 
that  year  2,319  were  taken  out,  or  1,6  per  cent  of  the  148,823  laid  in  1886,  In  1893 
there  were  14,282  renewed,  this  amounting  to,  say,  1,6  per  cent  on  the  254,188  laid  in 
1887,  and  7  per  cent  on  the  number  laid  in  1886,  This  indicates  that  there  were  yet 
91,4  per  cent  of  the  latter  ties  in  the  track  after  seven  years'  exposure.  The  ties  ar^ 
materially  hardened  by  the  process,  and  are  thought  to  resist  cutting  by  the  rail 
rather  better  than  unprepared  oak.  Out  of  a  lot  of  50,200  oak  ties  laid  by  the  Chi- 
cago, Rock  Island  and  Pacific  Railway  on  new  track  west  of  the  Missouri  River  in 
1886,  a  total  of  7,616,  or  14. 50  per  cent,  had  been  changed  in  1893,  while  out  of  21,850 
treated  hemlock  ties,  laid  at  the  same  time,  and  on  the  same  sections,  692  or  3,16  per 
cent,  had  been  changed  in  1893, 

Some  difference  is  found  in  results  in  consequence  of  the  exposure ;  the  treated  ties 
being  reported  to  do  best  in  clay  uplartd  soil. 
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A  (Irtailrd  report  is  kept  of  cih  li  niii,  rlic  tollowiii;^^  is  a  spcci- 
iiicii  (>r  (lie  roptuls  a(  the  ( ic  i)r('sc'r\ iiii;  works  ol'  the  Union  Paciiic. 
Kailwa.N,  at  Laramie.  NN'vo..  in 

l.AKAMli;  \V<M)l»-iMa:>l.l{N  IN»,    WnUKS — KNiilNKI.u's   I>A1I,V    KI  I'nUT. 

l.AKA.MI  i:.  W  Y«>..  Siiilrinhif  /SSC, 

liuux  91  and  'Jo. 

I.'iiii  \... !).'..  Kiiii  \(..  'M. 


Cvlindor  No. 


lU';:uii  straniiiig  

IS  poiinils  iiulirattHl  

I'.lowii  oH  

Second  vacuum  bcgim  

14  inch  varniini  indicated. 

ludit-ator  ZnCl^  taiik  

ZuClj  iutroduced  


liiit  pounds  i>ressiiro  indicatt  d 
Lowest  point  of  ZnCl-^  tank... 

i;t-:nn  ton  in;j  back  

Kndfd  tun  ing  back  

In<li(  ator  /uCl.,  tank  

Indicator  vaeuuni  tank  

Tannin  introduced  

100  pounds  pressure,  indicated 

I'.t  ^Min  forcing  back  

Ended  forcin<r  l)aek  

Imlicalor  tauuin  tank  


Omitted. 

Omitted. 

Omitted. 

Omitted. 

a.  III. 

a.  m. 

K :  fiO 

7:55 

9:25 

8:20 

11:25 

10:20 

11:45 

10:35 

//.  //( . 

12:45 

11:35 

1:5.4 

feet. 

12:50 

11:40 
p.  m. 

1  :10 

12:10 

4.5 

feet. 

:!:40 

2:40 

:  55 

3:05 

12  feet. 

95 

feet. 

4:05 

3:10 

4:10  1 

3:15 

5:10 

4:15 

5:25 

4:30 

13. 8  feet. 


CHARGE. 


Cylinder  No.  1.  hewn-pine  ties   826 

Cylinder  No.  2,  hewn-pine  ties  336 

Total   662 

Reading,' of  liydrometrr,  ZnCIv  solution   2=  Bauni6 

Keading  of  thermometer,  ZnCl.  solution   80°  F. 

(Sigueil)  C,  AVall,  Engineer. 


Froiiutliese  reports  a  daily  statement  Avas  computed  of  the  number 
of  (•u))ie  feet  of  timber  in  each  double  ehar<;e,  of  their  absorption  both 
by  volume  and  by  \vei<;ht,  and  of  the  perc^entage  of  pure  chloride  which 
has  been  consumed.    This  was  obtained  as  follows: 

Each  cylinder  was  accui  ately  i^au^ed  with  13  empty  cars  in  it,  and  by 
reading  thegaugeson  the  solution  tub  at  the  lowest  point  reached,  just 
before  the  surplus  solution  was  forced  back  out  of  the  cylinder,  and 
also  after  it  was  all  forced  back,  the  disi)lacement  of  each  load  was 
ascertained,  and  thus  the  number  ot  cubic  feet  of  ties  in  the  cylinder 
was  known. 

The  solution  tank  being  also  gauged  by  observing  the  reading  both 
before  and  after  each  run,  the  total  cubic  feet  of  solution  ab.sorbed  by 
the  charge  was  also  ascertained,  and  the  strength  being  known  it  was 
easy  to  compute  the  amount  of  pure  chloride  absorbed.  The  mountain 
pine  ties,  which  were  chiefly  operated  upon  at  Laramie,  were  found  to 
weigh  I'D. 01  })()Uiids  per  cubic  foot.    From  tliese  various  elements  the 
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foUowiii^i;-  table  was  coiiiimted,  showing  the  results  of  the  Hist  iiiuiith's 
operation: 

Opt  i  atUniis  of  Hood-prtfitrvinii  workx,  Luraniie.  Wijo.,  from  'Jtthj  JO  io  Aiujitst  31,  1SS6. 


Datt 


Run. 


Charce. 


Niiio- 
ber 


of 
,•11 


Cubic 
feet  of 


ties.  I  eliurce 


Absorption  of 

solution 
without  glue. 


Per 
cent 
by 
vol- 
ume. 


July  -6   1-  2  804  ;  2,976.8  13.68 

3-  4  745'  2,  623.  5  IG.  34 

:iO  I  5-6  <i92  2.623.5'  16.34 

Aug.  3  i  7-  H  65lj  2,  709.  7  18.  98 

4  1  9-l«.|  673!  2,882.0,  20.08 

5  ami  6   11-12|  655  2,752.8  21.01 

6   13-14  6481  2.838,9  21.  13 

6  and  7    15-16  668,  2.  83K.  9I  21.  89 

7an<l  8   17-18  656;  2  731.2|21.18 

8  and  9   19-20  636;  2  623.  5j  22.  H8 

9   21-22  6141  2  61'3.5  19.  CO 

9  :ni.l  10   23-24  674  2.  731.  2  21.  18 

10    25-261  674  2.  709.  7 1  20.  57 


Soln- 
tion 
heav- 
ier 
tlu^n 
tim- 
ber. 


Per 
cent 
by 
wii"bt 


Times 
2. 142  29.  30 


2.  142  34.  99 
2.  142  34.  99 
2. 141  40.  65 
2. 145  43.07 
2.  141  44.99 
2.  141  45.  24 
2. 139  46.  82 
2.  139  45.31 
2. 139  48.  93 
2.  141  41.97 
2.  143  45.  39 
2.  140  44.  01 


Baume 
reading. 


Gross.  2.05 
Glue..  0.17 


Net. 

Net. 
iNet. 

Net. 

Net. 

Net. 

Net. 
I  Net. 

Net. 
iN.-t. 
jNet. 
INet. 

Net. 


1.88 
1.88 
1.88 
1.83 
2.  08 
1.83 
1.83 
1.63 
1.63 
1.63 
1.78' 
1.98 
1.73 


Absorption  of  j)ure 
chloride. 


Per 
cent 

of 
chlo- 
ride 

in 
solu- 
tion. 


1.44 


1.44 
1.44 
1.41 
1.60 
1.41 
1.41 
1.25 
1.25 
1.25 
1.37 
1.52 
1.33 


Total.sand  rau^ie.l    1-26:  8,790  35,065. 


(13.  681  2.  139'.»9.30)' 
•'  ^  to  !    to       to  V1.G3  to 


Per 
cent  of 
chlo- 
ride in 
timber 

by 

weight. 


0.  49 
0.  49 
0.  57 
0 

0.  63 
0.64 
0.  59 
0,  57 
0.  61 
0.  57 
0.09 
0.  59 


Total 
weight  of 

puio 
chloride 
absorbetl. 


379.  30 
379.  35 
455.  79 
586.  83 
511.78 
536. 17 
494.  28 
459.  41 
472.126 
441.29 
556.  V> 
471.  78 


I 

An;;.  10-18  27-49;  7.625 

i 


;!  1,329. 


Aug  18-26. 


50-75  8.  642,     35,  80' 


^22.  SHj  2.  145  48.93S 
(14.26  2.  l.]9  30 
<   to   I  to 
(22.  761 
^18.  48 


L„J  J 


..511 
to  ) 

If  2-^.761  2.  1.50  48.72) 
1  w  iol  •>  1  <n  'la  1:1  ^ 


Aug.  •J6-31  1  76-93|  .5,949j 


Total  and  gem-ral 
average  


140 

{  !  to  I  to 
724.34!  2.145 
1I8.59  2.141 
24.990.3  '  to 
(24. 24 


to 


131. 006    127,792.0  *J0.  79'  'J.  142  44.55 


39.  61 

52. 05) 
39.  83 
to 


 \ 

2.  U5  51790^ 


1.98 
2. 43 
1.73  to  --'.08 
1.  83  to  2 


1.25 

to  I 
1.60 
1.25i 

to  I 


1.33; 

to  I 
1.60 
1.41 

to 
1.63 


(  1.41i       0.59  J 
13<    to  I        to  |> 
i  1.63       0.77  > 


0.42i 

to  S  6,  ll.i.  37 
0  69  S 
0.41  1 

to  >  5,  977.  45 
0.  85  > 
0.  58  ) 

to  }  7,250,  91 
0.  83  ) 
0.  59  , 

5,  087.  91 


Gross.  2.07 
(Jluo..  0. 17 


Net. 


0.  65 


24,  429.  64 
0.78 
p  o  u  n  d 
per  tie. 


Nf)TE.— Wc!  have  reprinted  in  full  bur  (hh-  u\  lln- 
sheets,  as  more  likely  to  serve  the  purposi?  refjuireil. 


fnriii  shi  t  ts,  giving  averages  only  for  the  other 


Tiic  operations  at  tliese  works,  as  dcsc  rihcd  in  tiic  Railroad  (lazette, 
October       is.sil,  were  as  Ibllows: 

Mctallie  zine  was  plaeed  in  lead-lined  vats  in  tlie  vat  iiouse  (tw  o  being 
used  to  make  the  solutions  and  one  tor  storage),  and  muriatic  acid  was 
jxmred  o\  er  it.  The  result  was  a  solution  of  chloride  of  zinc  which 
stood  at  about  40^  Beaunii'.  This  was  diluted  with  water  until  it  stood 
at  about  1.90^  Beaume,  and  a  small  percentage  of  dis.solved  glue  (from 
a  tank)  was  added,  when  it  was  stored  in  the  chloride  solution  tub.  A 
similar  dilution  of  the  extract  of  hemlock  bark,  or  tannin,  was  made 
in  the  tannin  ini.\ing  tub  and  stored  in  the  tannin  solution  tub. 

The  ties  to  be  preserved  were  then  loaded  ui)on  the  tramway  cars,  of 
which  there  were  100,  running  over  the  lines  of  tramway  of  2  foot  gauge, 
so  arranged  as  to  reach  every  ])ortion  of  the  tie  yard.  The  cars  were 
hauled  by  the  wire  rope,"  by  means  of  the  engine,  into  the  cylinders. 


ZINC'-'rANMN    I'KOCKSS.  2[\ 

'IMit'sr  \\v\v  111    led   loiiu  iiihI  (>  led  (liaiiictcr,  (•(Hil;iiii(Mi  vm  \\  \\\ 

cars,  loaded  w  il  li.  >av,        h»  KK)  1  ics,  a<-c(H'diiin-  lo  si/c. 

'riic  cy  liiidci'  door  was  I  lien  closed  lieriii"!  ieal  l.\  1 1  ulil,  and  Hie  1  reat- 
iiKMit  ('oiimieiieed.  This  eoirsisted  in  steainiii*;"  1  lie  wood  to  li(|iniy  t  lie 
sap,  w oi  kin^-  a  \  aeiiii m  in  order  (  hat  tlie  exi)aiide(l  air  and  steam  ini^iit 
(lri\  e  out  as  nnu  li  sap  as  possihle.  ami  1  lien  i ii  jeet  i n;^'  t  lie  t  wo  soliit  ions 
siiccessi \ cly  iimler  pressiiic.     It   was  ui'iierally  done  ii|)oii  the  Idllow- 


in^-  schedule  oC  i  ime  : 

u.  M. 

1.  (Miari^iiii^  (iiir  (•>  liiidrr   L'O 

KaisiiiiX  stcaiii  pressure  to  IS  noiiiids   20 

;>.  Duration  of  st(i:nn  i)ressnre   2 

I.  Illowuig  olV  si  cam   M 

.").  Workinu-  vacmiin   I 

ti.  .\<liiii>si(m  of  clilorido  st)liitioii   15 

7.  Diiiation  of  jircssuro  (100  pounds)   2  oO 

S.  Fttrcinti:  hack  chloride  solution  .:   20 

!'.  Admi'^--ioii  of  tannin  solution   10 

10.  I  )ui;i I  idii  nf  pressure  (100  pounds)   1 

11.  Forciiii;- hack  tannin  solution   20 

12.  Discliarijing  one  cylinder   20 

Total  t  iiiM>  occupied   8  50 


It  w  ill  thus  be  seen  that  the  treatment  oeeuiued  about  9  hours,  the 
the  object  beiiiii'  to  inject  the  wood  as'  coinphdelx  as  possible  with  the 
chlori(U'  of  zinc,  and  then  to  close  the  outer  sa[)  cells  w  ith  the  tauuiii, 
which  ujxm  comin.i;-  into  contact  with  the  ^;lue  of  the  first  sohition 
Ibrnis  ix'llicles  of  artilicial  h'ather,  winch  act  as  diapliragnis,  and  so 
prevent  tlie  zinc  from  washing  out.  The  principal  effort  was  to  inject 
as  much  of  the  zinc  (diloride  sohition  into  the  ties  as  practicable.  When 
the  works  were  lirst  started  experiments  were  made  to  test  the  coni- 
|)arative  absorption  of  various  ties,  by  weighing  them  before  and  after 
treaiineiit.  ami  tlie>  were  tbuml  to  absorb  all  the  w^ay  from  VI  to  91  per 
cent  of  their  original  weight,  ai'cording  to  the  closeness  of  the  grain  or 
the  amount  of  sai)  remaining  in  the  cells. 

The  Atchison,  Topeka  and  Santa  Fe  Kailway  has  (as  already  noted) 
works  at  T^as  \'egas,  is.  Mex.,  for  the  treatment  of  ties  and  timber  by 
the  zinc-tannin  process,  and  the  Ibllowing  descrii)tion  of  these  works 
is  taken  from  an  arti(de  in  Engineering  News,  New  York,  September 
1.;,  ISDl: 

'fhere  are  two  cylindci .s,  0  feet  inside  djainctef  and  KKi  feet  lon.u',  opening  at  one 
end  <uil\.  A  narrow-gaui^c  track  is  laid  ui  tlie  yards  and  \\  ithiii  the  cylinders,  and 
the  iron  <  ylmder  cars  or  cages  are  hauled  ni  au<l  out  hya  duplex  hoistinii:  eui^ine  and 
wire  cal)li-.    Storage  an«l  mixing  tanks,  storehouses,  etc.,  are  provided. 

.\  very  large  perceuta.ue  of  the  tiniher  treated  consists  of  hewn  ties  of  native  or 
inountaiu  tiuiher.  'I  hcy  are  unl()ade<l  from  the  cars  at  tlie  spotter  on  to  an  endless 
lilatlorin,  \\  hich  carrie.-5  them  through  the  saws,  where  the  ends  are  sawed  off  and 
the  faces  scarfed  to  give  the  rails  an  even  bearing.  As  the  ties  drop  from  the  endless 
l)hitforiu  they  aic  loadrd  on  to  the  (ylmder  cars  and  passed  along  to  the  cylinders, 

7<j;j7— No.  9  10 
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where  the  treatmeut  is  given,  requiring  abont  ten  hours.  They  are  then  drawn  on 
to  the  elevated  platform,  where  they  are  loaded  into  railway  cars  for  shipment. 

The  maximum  number  treated  in  any  one  month  so  far  is  45,000.  but  the  average 
falls  greatly  below  this  tigure.  The  plant  is  not  provided  with  appliances  for  creo- 
sotiug.  Only  the  chloride  of  zinc  treatment  is  used.  Usually  the  Wellhouso  or  tan- 
nin method  is  employed,  but  the  simple  bnrnettizing  process  has  also  been  tried. 
The  following  sample  report  of  the  engineer  in  charge  will  give  an  idea  of  the 
process  in  treatment: 

Las  Vet/as  ll'ood  rrescrvituj  IVorks, 
So.  .  ]  '  "  [Date,  April  23, 1894. 


No.  of 
run. 

No.  of 
fvlinder. 

Fir.st 
vacuum 

com- 
menced. 

12  inches 
indi- 
cated. 

Com- 
menced 
steaming. 

18  pounds 
indi- 
cated. 

BloAV  off. 

Second 
vacuum 

com- 
menced. 

14  inches 
indicated. 

Indicator 
zinc 
tank. 

6059 
6060 

1 

7:20 
8:20 

7:30 
8:30 

7:30 
8:30 

8:10 
9:50 

12:20 
1:20 

1:20 
2:20 

2:00 
3:00 

14.00 
14.  00 

No.  of 
run. 

No.  of 
cvlindtr. 

Chloride 
zinc 
iiitro- 

(In.  r.l. 

Indicator 
]i(>int . 

Forced 
back. 

Indicator 
zinc 
tank. 

Indicator 
tannin 
tank. 

Tannin 
intro- 
duced. 

Forced 
back. 

Indicator 
tannin 
tank. 

CO')ii 
6060 

1 

3:00 

3.80 

4  ::iO 
5:30 

12.25 
12. 25 

14. 00 
14.00 

5:00 
6:00 

6:30 
7:30 

13.  80 
13.  SO 

Tlicrmonietcr,  90;  strength,  0.015;  absorption,  0.31;  hydrometer,  150;  disphu  cinciit,  2,  398.2. 

(Signed)   ,  Engineer. 


Tlie  indicators  are  road  and  ligurcs  made  for  double  runs  on  two  cylindiTs 
together.  The  displacement  or  cubic  contents  of  tbe  material  in  the  run  is  louml 
by  taking  the  number  of  cubic  feet  of  solution  forced  back  and  deducting  this  from 
the  cubic  contents  of  the  cylinders,  less  the  volume  of  the  empty  cylinder  cars.  In 
the  above  case  we  have  cubic  contents  of  cylinders  G  X  6  X  i  x  212  =  5,994.17  cubic 
feet.  Volume  of  20  cylinder  cars  at  1.807  eubic  feet  each  =  46.97  cubic  feet.  Solu- 
tion forced  back:  Indicator  zinc  tank  12.2r> — lowest  point  3.80  =  8.45  X  420  8(iuare 
feet  (area  of  tank)  =8,519  cubit-  fi-et,  whence  5.994.17  —  46.97  —  3,549  =  2,398.2  = 
dispLucment. 

The  percentage  <»f  absorption  of  the  zinc  solution  may  !«■  found  by  dividing  the 
<juantity  of  the  solution  introduced  l»y  tin'  volume  of  the  material  treated.  In  the 
above  ca^ic  it  is  (14  —  12.25)  420  —  2,398.2  =  0.31  nearly. 

Steam  is  furnished  by  two  60-horse-]»ower  boilers,  and  the  bh)cks  sawed  from  the 
ends  of  the  ties  constitute  the  greater  part  of  the  fuel.  The  ])lant  is  also  eijuipped 
with  a  stationary  engine,  with  cylinder  10  by  14  inches,  for  running  the  saws;  a 
hoisting  engine,  a  Knowles  du])lex  air  pump  with  steam  cylinders  6by  lOinches,  and 
two  Worthington  du]dex  force  jmnips,  with  cylinders  3A  by  6  inches.  Besides  several 
cooking  and  mixing  vats,  there  are  two  storage  tanks,  one  for  zinc  solution  and  one 
for  tannin,  16  feet  high,  and  with  an  area  of  cross  section  of  420  square  feet. 

Chemicals  are  received  in  car-load  lots  from  works  in  Eastern  states.  They  are 
mixed  i^i  the  various  vats  to  a  solution  of  the  proper  strength  (0.015  per  cent  for  zinc 
and  0.005  jier  cent  for  tannin)  and  forced  into  the  storage  tanks  by  means  of  a  steam 
ejector  pump.  Glue  is  added  to  the  zinc  solution  at  the  rate  of  about  2  pounds  of 
glue  to  100  gallons  of  solution.  The  strength  of  the  zinc  solution  is  tested  in  the 
storage  tank  with  the  hydrometer  after  each  run  and  restoretl  to  the  pro])er  standard 
bv  additions  from  the  mixing  vat. 

The  strength  of  the  tannin  solution  is  maintained  l)y  additions  jjroportional  to  the 
amount  of  tannin  solution  absorbed,  plus  the  absori)tion  of  the  zinc  solution  in  the 
same  run.  The  tannin  being  introduced  subsequently,  is  robbed  of  its  strength  by 
the  zinc  which  it  linds  in  the  timber. 
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Th«'  sulutioii  is  ilr;i\\  II  U^aw  .illuT  l;iiik      .illi.  r  cn  ImkI.i  I  S-inrli   pipr^  li\ 

r\liai:st  in;,'  t  lie  ;iir  in  tin-  <  \  1 1  in  Iri^ ,  I'lcssn  if  is  in,i  i  n  I  ;i  i  1 1<(  I  i  In  uiil;|i  i  lir  W  Ort  li  ini,'- 
i,,M  i.iinijis.  I'hf  M.lniion  is  r.ncr.l  ll,•n•l^  t  <>  i  hr  I  :i  n  K  1  >y  :!  i  r  |  >  n  ^sn  ir  t  h  k  .11  ^  li  t  lir 
s  iiitli  mill  piprs  tir  (liKMiuIi  I  im  li  on  itiIdw  |ii|ic-..  Tlnir  .uf  inoic  iIimm  ;;U(l  \:il\is 
( it'  \  aril  in-     nnU  a  ml  si  /cs  in  and  a  Ihui  I  I  lie  \s  oiks. 

'I'll."  w  ork^^  lia\f  nt)i  hccn  T'lin  conli  >nsl\  since  i  nsf  a  lla  I  i<  ni .  li  11 1   li.i  \  <■  11  ll> 

(•!..>.  (I  down  (Inniiu-  I  ln>  \\  1  n  Icr  iihhiI  lis.  '\'\\v  toM  1  :iniiHiii  t  cil' m.'  I  ci  i;i  1  I  ici  ted  n  |i  In 
lilt-  ltci;i  nn  iiiu  t>r  I  >!M  .  red  mini;  pi  1  i  m;'  and  dl  her  1  i  mhi-r  I  icii  ( id  into  its  tit-  ci  1 11  i  \  ;i  Nnl 
liv  allowinu  at  I  mine  IccI  pii-tic)  is  1  .srill.s:;!!  tics,  a!  a  n  a  \  era  uci  cost  I'mlalior. 
clii'inii  .1  Is.  and  furl  ol'  1  l.i'l  rcnl-  prr  (i(\  No  accoimt  is  made,  of  iulcrcst  or  dc|irc('.ia- 
tion  of  jdaiit. 

rill-  nisi  ol'  trcalint  lit  lias  sonicw  hat  dccrrascd  since  tlic  installat  ion  of  tlic  jtlant, 
i.w  iiiL:  jiart  1  \  to  the  dccnascd  co^I  of  clu'Miicais  and  1  a  lior.  .1  m  I  [PMitly  to  ^nalcr 
cllicicm  \-  u,aincd  l'\  cMcndcd  c\]>cricncc.  'rii(>  cost  I'm-  llic  moiit  li  o|'  .;  iinc.  lS!i|, 
was  hnt  ill  laMit  ■>  ]m  r  tic.  It  is  to  Itc  nndcrsi  ood  that  such  ca  Ic  11  la  t  ions  as  licic  ^  i  \  en 
must  1h'  (  oiisidcicd  onl  \  .is  l^In  ini:,-  a  general  ideii  of  the  rcdativc  cost  of  11m  \  arionM 
proi fsscs,  to  lie  modified  in  ('\»'r\  ]iarticnlar  instance  by  the  varying-  condilions 
iimh'r  \\  Inch  t  he  w  orks  m.iy  he  placed.  \  aryini;'  akso  \\  ith  t  he  kiinl  of  wood  operati-d 
upon  and  the  ]trii  e  ol'  find,  chemicals,  etc. 

The  results  so  far  ha\e  Iteeii  l'aiil>  s.i  t  islnctory,  althou,nli  some  of  tin'  treated  lies 
.ire  now  hein^-  removed  on  account  of  decay.  Many,  however,  of  tiiose  treated  in 
are  still  sound.  It  is  helievt-d  that  the  results  would  uo  far  better  if  the  rail- 
way eoiMi»any  did  not  pnrsue  such  a  ''liaml  to  mouth  "  policy.  The  tiinher  does  not 
ha\  (•  time  to  season  Ix-fore  t  rea  t  mcni ,  nor  time  to  harden  before  being  x>ut  into  serv- 
ice riii>  \  ("ar  contracts  for  t iniber  w  (?re  aw  arch-d  in  Chicago  on  January  10.  \\\ 
Apiil  111  the  w  ood-preserving  works  were  ruiiuiu^  on  freshly  cut  timber,  and  l)el^)r(; 
.May  the  newly  treated  ties  were  ^'oin.n'  into  tiic  track.  It  is  believed  that  if  t  he  I  im 
I.er  were  allowed  to  season  thorou.<jjhly  before  treatment  and  to  h.ardeii  thoroughly 
hel'ore  n^inu  a  lite  ot  lifteen  years  might  reasonably  be  expected  for  the  avera;;e  tie. 
The  lai  1<  ol'  economy  l  esultinu:  from  such  a  policy  has  already  l)cen  referred  to.  'I  he 
worlsv  ;iri'  operated  l)y  the  railway  c()mi)any,  under  the  super\  ision  of  the  di\  ision 
sn|terinteiident .    They  were  esta])lished  in  1885. 

Vulcanizing. 

'IMiis  inoccs.-;,  basiMl  ou  various  patents  'taken  out  in  1871  and  ISOl, 
consists  ill  lieatin.ii'  tlic  timber  in  cylinders  to  a  temperature  of  300^  to 
.■)(►()  V ,  under  an  ;iir  pressure  of  100  to  175  pounds  per  square  incli, 
l)y  w  liicli  it  is  claiiiied  that  the  eliemiea.l  condition  of  tlie  sap  may  be 
cliaii-ed  into  a  preserx  ative  composition.  A  later  patent  (1893)  claims 
t  he  -aiiie  result  by  siibstitutin,<;"  ;i  N'acuiiiii  for  the  pressure  ;iiid  a  low  tem- 
peinlnre  tn  (dfeet  the  same  result,  namely,  to  vidcani/.e"  the  wood. 
Ii  has  been  iiiai iil>  ;i]»plie(l  to  (le(u-<!:ia  i)ine,  at  a  cost  of  sS  jx-r  l.(i(i(» 
feet,  or  L'o  cents  peilie,  and  ( 'ol.  iraiii,  .Li'eneral  imina<;'er  of  1  lie  M;iii- 
h;itl;iii  Ide\ale(l  Iv';iil\\a\'  (New  York),  has  rei)ortcd  satisfactory  results 
tVom  ties  and  ^inird  t iiidxTS  treated  by  this  process  since  1884.  Other 
t  iiiibei  s  li;i\ ('  ix'cn  tre;iled,  and  a  nuudx'i- of  r;i  ilroads  ( includinii'  ;i  iinni- 
ber  of  street  i  ;iil  w  ;iys )  ai'c  rei)ortc(l  as  iisi  n  o-  1  he  \  iilcani/ed  t  ies.  l'\)r 
a  somewhat  fuller  description  see  liulh'tiii  !.  pj).  ."U),  3 1 .  There  is  no 
kiiowlcdu-e  of  the  piiysiolo<^^y  or  chemistry  of  wood  to  siislaiii  the  chiim 
of  tlie  cliemic;il  clianues,  nor  lias  the  jiiaterial  been  loiiii'  eiioimh  fii  tt  i;il 
to  [)ro\('  by  experience  the  value  of  the  process.    Tests  of  treated  and 
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untreated  material  of  siicli  nature  as  to  make  the  uiaterial  comparable 
otherwise,  made  by  the  Forestry  Division,  did  not  show  any  increase 
in  strength,  as  claimed,  nor  any  chemical  or  physical  changes. 

BoucnEEiE  Pkoci:ss. 

The  timber  is  impregnated  witli  a  solution  of  1  pound  sulphate  of 
coi)per  to  100  pounds  of  water,  either  by  pressure  in  a  closed  cylinder 
or  by  applying  a  cap  with  pii)e  connections  to  one  e.nd  of  the  tie  or  log 
and  forcing  the  solution  through  by  pressure  or  vacuum,  about  eighty 
to  one  hundred  hours  being  required  for  it  to  traverse  a  log  the  length 
of  a  tie.  Contact  with  rails  and  spikes  is  said  to  decompose  the  solu- 
tion, producing  free  sulphuric  acid,  which  attacks  the  tiber  and  weakens 
the  timber,  but  in  Europe  the  process  is  said  to  have  increased  the  life 
of  pine  lies  from  seven  to  fourteen  years. 

KvAMZiN(i  Pkocess. 

The  ties  are  stcei^'d  in  a  s(>hiti(>n  of  hicliloridc  of  mercury  (corrosive 
sublimate)  in  the  i)r(»p<)rtioii  ofahoiit  1  part  of  l)ichh)ri(U*  to  100  parts,  by 
weight,  of  water  ^or  I  ]K)und  to  s  or  10  gallons).  The  tinie  is  about  one 
whole  day  for  each  inch  of  thickness, or,  say,  ten  days  for  tinil>er  8  inches 
thick.  The  solution  is  an  active  poison  and  the  material  nuist be  handled 
carefnlly.  The  process  hardens  the  wood,  but  is  found  in  iieneral  to  be 
more  satisfactory  for  tindjer  in  dry  situations  and  exposed  to  the  air 
than  for  ties  laid  in  ballast  and  kept  moist.  The  Boston  and  Maine 
Railway  used  kyanized  hemlock  ties  at  one  time  and  found  them  eco- 
nomical when  the  treatment  was  well  done. 

Full  information  regarding  the  ^' kyanizing"  i)rocess,  i.  e.,  steeping 
the  wood  and  impregnating  it  with  bichloride  of  mercury,  have  been 
given  in  Bulletin  1  and  the- efficacy  of  the  process  has  been  pointed 
out.  A  reprint  (»f  the  statements  then  made  will  be  found  on  page  TS 
of  this  report. 

In  addition  it  will  be  of  interest  to  quote  the  following  statement, 
made  by  Mr.  Charles  II. .Allen,  of  Lowell,  Mass.,  with  reference  to  the 
experiences  of  the  Massachusetts  Locks  and  Canals  Company.  He 
writes,  under  date  NovemlK-r  19,  ISOl: 

As  their  (the  coiiii>an.v"s)  purpose  iu  usiii.i;  thtit  procc-sis  W:is  entirely  removed  from 
any  interest  in  any  process,  as  sucli,  but  simply  to  eniploy  what  was  hest,  their  con- 
tinued use  of  this  process  is  valuable  testimony  to  its  etticiency,  so  far  as  their 
requirements  were  concerned. 

And  more  than  this,  after  the  company  had  used  the  kyanizing  ])rocess  for  two 
years  (I8IH-0O)  they  were  attracted  to  the  burnettizing  process,  thought  then  to 
be  finite  as  ertective  as  kvanizing,  and  much  cheaper,  because  of  the  chemical  used 
(chloride  of  zinc)  and  with  a  good  deal  of  saving  in  time,  because  the  lumber  was 
treated  in  large  iron  cylinders,  by  lirst  exhaustion,  then  forcing  the  solution  into 
the  wood  under  pressure. 

This  process,  Mr.  Francis  says,  was  carried  on  by  his  company  for  twelve  years. 
Thus  they  have  lumber  in  the  mills\and  bridges,  artilicially  preserved  by  two  proc- 
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oscs-  kvMiii/iii^  (•Mirii'il  uii  li\  iliciii  lioiii  l>is  |<i  is;)(».  miil  luinicl  I  i/in;;  iVdiii  IS'A) 
t.»  IMI'J.  Al'UM-  llirir  cN,  iiiici-  .if  I'mi  it  nii  \i;iis.  \  1  el  iiiiM"!  to  K  y  M  i  /  i  II '4.  ;iH 
niiicli  more  clVfct  i  \  ("  I'c  u-  l  lni  r  uses  tli.iii  l>ii  i  iic  t  l  i  /  i  ii  l:,  ;i  ii<l  tli«  \  rnllowcd  tlir 

lt>nii<r  prociss  cin  l  iimniisl  v  lo  this  linif,  ifiix  li.nciiii  iiilnilidii  ol  ;ittriii|tt 

iiiLi  to  use  ;iiiy  ot  lici-  proci'ss.  I'licir  cv  |irii<'iiic  of  iic.iily  li.ill'  .i  rciiiiiix  has  con 
\  i  need  t  111' 111  ot'  !  lir  Use  I'll  liu'ss  ol"  lilt'  |ir(i((ss  nl"  k  \  a  1 1  i  / 1 1 1  l;  . 

In  ImIl'  Mr.  I'r.imix  dfiidfil  t<>  niakf  I'lirlln  r  r\ pcii  iiini  I  ^  ol'  the  k  \  a  ii  i  /  i  n  n 'i  irof 
fss  lor  tilt'  lifiu'll  I  ol"  ills  foiii  |)a  n  \  .  1  If  Id  I  I  li:i  I  ii  |i  to  I  lia  t  lime,  while-  t  Ik  i  r  <  \  |Mii  - 
nuMits  Initl  all  ln'cii  iiiatlr  in  a  practical  liy  sitnpl\  trratiiii;  the  Ininhei-.  ilatiiiL; 

it.  and  ll■^in^  it  w  here  it  was  w  .anted  .and  ohser\iii'4  resiilN.  still  I  he  k  iikN  id'  ll^lll^eI• 
llsed  had  lieeii  \  cry  limited  in  i  mm  her.  So  he  had  t  wad  ^'e  specimen--  ol'  the  \  .arions 
Iv  inds  of  wooil  erow  n  a  hoii  I  In  re.  ainl  used  more  oi-  less  e\tensi\(l\  I'lu  hnildiiiL;- 
pur]ioses,  prei)ar(al.  The  spec i mens  were  ,i  1 1  sawed  at  a  mill  here  in  LowtH,  .and 
W(  re  eath  IS  fta'l  lonu.  !•  hy  '.1  in(  lies,  thus: 

1.  ()ld  growth  wliitopine.  IS  feet  loiii;.  H  Ity  !)  inch(>8. 

2.  Sapliii.i;"  white  pine.  IS  feel  loiii;-,  9  hy  !>  imdi.'.s. 
Northern  hard  pine.  IS  t'cel  loni;.  !)  'hy  iindicsr 

4.  Spriit f.  is  I'eei  Ioiil;-,  !•  hy  li  imdies. 

f).  lliMuloek,  is  fet't  l<»Me.  !•  liy  ;t  iiii  Ih's. 

(5.  Birch.  IS  iWi  loii.ir.  ?>  I'y  !•  im  lies. 

7.  Hiack  hir.  h.  k^  feet  Ion-.  !»  hy  «)  inches. 

5.  V(dh)\v  hilt  h.  Is  feet  Ion-.  !)  hy  9  inches. 

9.  KocU  maide.  is  feet  lo/ku',  9  by  9  inches. 

10.  \Vhil(>  majih'.  IS  feet  h)n.u-,  9  hy  9  inclies. 

11.  r.row  11  .ash.  is  feel  loll-.  9  liy  9  iiii  hes. 
rojdar,  IS  feet  Ion-;,  7  Ity  7  im  lies. 

The.se  specimens  were  sawed  in  tin;  siunnicr  of  18()2.  After  Ixmiil;:  nnnihereir  as 
ah(»ve.  tile  ])ie(es  were  ent  in  two.  and  ono-half  of  eacli  was  kyanized.  and  the  other 
half  retained  in  its  natural  state. 

In  tin'  following-  spring,  that  is,  April  20, 1803,  they  were  set  in  the  open  ground  as 
posts,  in  two  rows,  about  1  feet  of  their  length  in  the  ground,  and  about  5  feet  out. 
These  i)Osts  remained  in  Hie  uronnd,  witliout  .beino-  disturbed  at  all  for  twenty- 
years.  Then,  on  May  1.  ISS:^.  they  were  taken  uji  for  the  purpose  of  cutting  off  the 
specimens  whii  li  were  exhibited  at  the  National  Exiiosition  of  Kailway  Apjiliances, 
held  at  (  hit  a-<>  in  May  and  .Iiine.  ISs;}.  These  speciiiiens  were  all  tak<'n  from  near 
the  ground  line.  Tln'  original  specinuMis  w^ere  then  ]uit  hack  in  the  same  holes,  the 
dirt  tilled  in  again  about  them,  and  they  are  standing  today  (November.  1894)  with 
the  kyanized  s]»ecimcns  very  well  preserved.  ])ractically  sound,  while  tlic  nnkyan- 
ized  ])arts  have  about  all  rotted  away,  and  the  remains  arc  encased,  in  order  to 
indicate  where  they  stood  and  w  hat  they  were.  All  the  original  s]>eciinens  have 
been  fnll>  exjiosed  to  the  weather  for  lliirty-two  years.  They  stand  in  rows  about 
2  feet  from  the  northwe.st  side  id'  a  biiiidin-,  the  unpre])ared  row  bein--  nearest  the 
building  aud  the  kyani/ed  row  about  (5  iiudu's  front  of  them,  all  lieing  about  9 
inehes  apart  in  the  row.  The  soil  is  taiarse  -raxcl.  rather  bindin-.  (amtaiuin-- no 
clay,  and  is  drained  by  the  t  tdkar  of  the  nei-hlxtriu--  biiildiiiL:,-.  the  walls  of  w  hii  h 
are  laid  without  mortar. 

This  remarkable  exhibit  seems  to  csta  ldi->li  beyond  (|uesiion  the  ellicieney  of  the; 
process  of  kyanizing.  Claifned  by  no  one  as  ca]iable  of  makin-  1  ii inber  last  for(>ver. 
nor  of  making  unsound  timber  .sound,  but  eontiileut  ly  n  i DmnKMided  as  of  suflicient 
value,  under'nearly  all  circumstances,  to  encourage  its  very  general  use. 

The  t^act  is  that  the  ex])eriments  in  this  direction  in  this  city  are  not  onl\  uni<iue. 
but  .are  more  jiractical  and  extensi\-e.  I  belie\a'.  than  have  Ix en  at  tempted  t  Isewhere, 
at  any  time  in  this  country,  'i'he  <diai;n  tej- and  intelligence  of  the  men  (a)ndiicting 
these  experiments  at  om-e  (  i>niiiieiid  the  acciiiac\  of  their  work,  and  the  fact  that 
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the  corj^oratiou  undertakiug  them  Las  been  a  very  conservative  body,  with  a  degree 
of  permanence  in  the  personnel  of  its  officers,  snch  as  to  warrant  long  series  of  unin- 
terrupted experiments,  lias  also  been  in  favor  of  good  results. 

My  interest  in  this  matter  arises  from  the  fact  that  I  have  known  of  these  experi- 
ments by  the  Locks  and  Canals  Company  for  many  years.  And  while  they  have  nsed 
them  for  their  own  benefit,  as  they  could  not,  if  they  cared  to,  under  their  charter 
as  a  water-power  company,  undertake  to  carry  on  the  process  of  kyanizing  for  the 
public,  I  have  felt  that  the  value  of  the  process  should  be  more  generally  known. 
And  if  it  would  double  the  life  of  timber  perhaps  in  its  use  alone  the  questio  of 
the  ])reservation  of  forests  wouUl  be  more  aided  than  by  all  the  legislation  sought, 
or  likely  to  be  enacted. 

The  char<ie  for  kyanizing-  varies  witli  tlie  price  of  tlie  bichloride  of 
luerciuy,  and  tliat  varies  with  the  price  of  (piicksilver;  but  at  the  end 
of  1894  tlie  charg'e  was  at  the  rate  of  $8  per  1,000  feet,  board  measure, 
for  lumber  of  all  kinds,  and  81  per  thousand  for  shingles,  besides 
additional  charges  of  25  cents  i)er  1,000  feet,  board  measure,  for 
unloading  and  2~)  cents  for  reloading  lumber  received  at  tlie  works 
by  rail.  The  firm  states  that  it  has  kyanized  several  million  feet  of 
spru(;e  timber,  5  by  7  inches,  for  stringers  and  ties  for  street  or  surface 
railways.  ]\Ir.  W  F.  Sullivan,  general  maiiager  of  the  Lowell  and 
Suburban  Street  IJailway  Company,  states  that  in  in-eparing  to  change 
from  animal  to  electric  traction  the  (juestion  of  the  use  of  treated  tim- 
ber in  track  construction  rec^eivcd  careful  attention,  as  a  result  of  which 
over  l,(MK»,n(M>  feet  of  kyanized  s])ruce  was  used  in  1<S!)13  with  satisfac- 
tory results.  In  cutting  the  treated  timber  with  the  ax  or  adze  it  was 
found  to  be  very  tough  and  liard,  wliicli  is  one  of  the  results  claimed 
for  this  ]»rocess. 

It  will  l)e  noted  from  the  statement  on  page  78  that  the  cost  of  the 
process  appears  coiiKsiderably  greater  than  that  of  the  chloride  of  zinc 
or  burnettizing  process,  which  seems  to  have  sustained  its  rei)utation 
for  ellicieiicy  fairly  well,  and  this  (piestion  of  cost  will  have  to  betaken 
into  account  when  the  two  processes  are  com])ared. 

TniLMANV  Process. 

The  ties  are  placed  in  a  (cylinder  and  impregnated  first  with  a  solu- 
tion of  sulphate  of  copper  (or  zinc),  under  80  to  100  ])ounds  pressure, 
and  then  with  a  solution  of  chloride  of  barium,  forming  a  chemical  ('Oin- 
bi nation  of  insoluble  sulphate  of  l>aryta  and  chloride  of  copper  (or  zinc). 
Tests  made  by  Mr.  A.  M.  Wellington  on  the  New  York,  Pennsylvania 
and  Ohio  Pailway,  in  18S0,  with  different  kinds  of  wood  treated  by  this 
process,  siiowed  a  decided  loss  of  strength,  but  there  was  no  reduction 
in  the  holding  power  of  spikes. 

Miscellaneous  :\Iinok  Preservatives. 

There  are  on  the  market  a  number  of  preservative  cr)ini)Ositions  to  be 
ajjplied  like  paint  and  used  on  car  and  bridge  work,  etc.  They  should 
not  be  used  on  any  but  well-seasoned  timber. 
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l-'crnolinc  ( I''»'rnoliii('  ( 'liciii ic;i I  ('oiii|nni\  ,  N.  \  .  i  is  a  coinjH)!! iid  ol" 
cKtootc.  rail  ill.  and  oil  of  I  a  r.  It  lias  Ixmmi  used  Idi-  car  t  iinlxTs,  hiid^c 
and  st  a  lion  t  iinlxa's,  etc..  to  itrcxcnl  dcca  y  a  iid  I  he  a  1 1  acks*  ol  (lie  1  ci'cdo 
iia\alis  and  oi  her  l>oiiii^-  worms.  11  ma  >  he  applied  wit  li  a  I  >  ins  1 1.  or  ( lie 
I  iiiilicr  may  l>t'  soakctl  in  it . 

S|>iiit  t  inc  '  I  ianscn  \'  Smit  li.  W  ilmiiiiitoii,  N.  ('.)is  obtained  hy  the. 
(lest  met  i\cdi>l  iilat  ion  of  pincaiid  eedar.  and  may  bo  ai)plied  w  i  I  li  a  bi  nsli. 
It  lias  been  used  ma  i  n  ly  on  y  el  low  ]  )i  lie.  (h'oss-tics  soakc*!  in  it  are  said 
to  lia\('  liad  an  iiuacMsed  lite.  II  meets  tlie  reciuirtMneii ts  of  the  reiiii 
syh  ania  Kaih\  a_\  s|)eei tieat  ions  lor  wood  preservatives,  and  analysis 
sliows  i!  l.'jr>  ])er  cent  ol"  tar  acids,  .'>(>. 7.">  per  cent  of  neiit  ral  oils,  and  .")  per 
et'iit  tar.     It  is  said  not  to  sol'tcn  the  wood. 

The  I'ineh  i)resei  \  at  i  ve  ( 1^'ineli  Wood  Preservati\'e  (7omi)aiiy, 'I'oroiito 
Canada)  has  been  nsed  lor  sidewalk  i)lankin.ii-  and  pa\'in^"  blocks  with 
satisfactory  results,  The  wood  is  immersed  in  the  solution  and  then 
sfacl^<Ml  todi  v.  Sonu'  of  the  sidewalk  phiuks  histed  seven  years  and  were 
then  in  condition  to  be  turned.  It  has  been  used  by  tlie  Graiul  Trunk, 
('aiia(ban  Pacific,  Intercolonial,  and  Miehi.u'an  Central  railways,  and  by 
the  cities  of  Toronto,  Winnipeg",  ete.  The  preparation  is  said  to  mix 
with  the  sap  and  make  a  preservative  compound  preventing  interior 
fermentation. 

The  Pennsylvania  Railway  specilieations  for  wood  preservative  (includ- 
ing fernoline  and  spirittine)  state  that  the  material  desired  is  a  product 
of  the  distillation  of  (leorgia  pine  containing  as  large  an  amonnt. as 
])ossible  of  the  preservative  acids  characteristic  of  this  distillate.  It 
must  show  the  following  results  on  testing: 

Flasliiii;r  point  degrees  F..  200  j  Specific  gravity   1.05 

l)iiriiiiiu- ])()iiit  do         220    Tarry  matter  per  cent..  5 

TcnqKM  at  iirr  at  wliicli  material  will         ]  Tar  acids  do   4.5 

run  degrees  F. .    15    Neutral  oils  do   50 

Material  will  not  be  accepted  which  Hashes  beloAV  172^^  V.;  Inirns 
below  HOO' ;  will  not  run  at  20^;  specific  gravity  less  than  1.03;  has 
more  than  12  per  cent  of  tar  or  less  than  30  per  cent  of  tar  acids.  The 
instructions  for  nse  are  as  follows: 

(1)  Wood  preservative  will  l)e  used  on  all  tenons  aTid  in  all  mortises  in  both  pas- 
senger and  freight  car  wf)rlc,  and  in  the  woodwork  of  tenders  an<l  cabs  (except  as 
specified  m  sections  5  and  Gj .  'I'ln'  skeletons  of  passenger  equipment  cars  sliould  bo 
coated  with  wood  i)rcservative instead  of  with  Iteight-car  color,  as  formerly,  except  ' 
where  glue  is  used  in  making  joints.  The  backs  of  panels  shouhl  bo  coateil  with 
freight-car  color.  If  the  piece  of  wood  is  siuall  it  is  well  to  dip  the  tenon  in  the 
liquid.  In  all  other  cases  it  should  be  applied  with  a  l)rus]i,  and  can;  slniuld  l»e 
taken  to  have  as  miuh  of  preservative  taken  up  by  the  wood  as  possible,  f  lie 
shoulders  of  the  tenons  and  the  shoulder  seat  should  be  inelude(l  m  the  tnsatment, 
as  it  is  found  that  tho  water  which  gets  in  l)etwecn  the  shoulders  and  shoulder  seats 
causes  rapid  decay  in  these  places. 

(LM  In  all  ))ass(>ni;er.  freight,  tender,  and  cab  worlc  wliei-e  two  j)ieces  of  wood 
touch  each  otner.  and  ;,aue  i>  not  u>ed  in  iiia  U  ini;- Joi n I s.  at  least  one  good  coat  of  the 
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preservative  must  1)6  intorposecl,  except  in  the  joints  of  the  siding-  and  roofing  and 
as  S2)ecified  in  sections  5  and  G.  The  roofs  of  cabs  must  have  at  h'ast  two  coats 
before  the  tin  is  pnt  on. 

(3)  Tlie  floors  and  tops  of  all  stringers  and  end  sills  of  all  stock,  gondola,  and  llat 
cars,  and  of  cars  engaged  in  the  manure  trade,  and  the  skeletons  of  all  tenders  before 
the  lloor  is  laid,  and  all  that  part  of  the  tender  floor  which  is  covered  b}^  the  cistern, 
must  have  at  least  two  good  coats  of  wood  preservative.  It  is  also  rcconnncnded  to 
use  wood  preservative  on  tenons  and  in  mortises  of  shop  buildings,  and  all  over  floor 
timbers  and  on  underside  of  flooring,  especially  where  the  ground  is  daiu])  and  ven- 
tilation i)oor. 

(-4)  On  the  floating  e(|uii)ment  the  preservative  should  be  used  freely.  All  parts 
of  the  hull  which  are  submerged  should  have  at  least  one  good  coat,  and  it  should 
be  used  on  tenons  and  in  joints  everywhi're  where  it  will  not  iiitcrfcio  with  the 
paint,  as  described  below.  The  decks  of  ferryboats  under  the  sheathing,  and  the 
sheathing  itself,  should  have  not  less  than  two  coats. 

(;"))  On  wood  that  has  been  treated  with  the  preservative  i(  is  found  that  ]>aint 
dries  very  slowly,  and  great  care  should  be  taken  not  to  use  it  or  ix  i  iuit  it  to  get  on 
surfaces  that  must  be  i>ainted. 

(G)  In  those  situations  where,  iVom  tlie  (  (mstructiou  euiitloyeil  oi-  iVoui  the  ])votec- 
tion  aflorded  l)y  the  ])aint,  water  can  not  get  at  the  woodwork  the  i)reservative 
need  not  be  used  as  above  directed,  but,  being  a  preservative,  it  is  better  to  use  it 
where  it  is  not  actually  needed  than  to  allow  any  part  that  does  need  it  to  esca])e. 

(7)  If  the  wood  ))re8ervative  when  received  is  too  thick  for  use,  as  may  ha]>pen  in 
cold  weather,  it  may  bo  tliinned  with  spirits  of  tur]tentiiie. 

For  i)r()t(M'tiii.u'  imiuli  timlxT.  su(;h  ;is  tlic  cut  licads  ()r])iles,  etc.,  tilv 
is  better  t  linii  aj)pli(':il  inns  (»r  hot  creosote,  as  it  al'I'ords  a  iiiecliaiiicril 
as  well  as  chemical  ])rote(;tion.  The  clieap  resin  now  t]ir(>\\  n  away  at 
the  turpentine  distilleries  in  the  South  would  bean  excellent  and  cheap 
material  for  treating  the  ends  of  ties  (a  cheaj)  method  of  arrestin*^- 
decay)  (►r  Ibr  lillin^i"  old  sj>ike  lioles.  Tar  is  also  used  to  some  extent 
for  lillinf?  such  holes. 

According  to  V.  ICngel.  g(»veriimeut  surveyor  of  hiiildiugs  (( Jc^rmany ),  ]);iiiitiug 
wood  with  carbolineuiM  as  a  protectioi  against  the  weather  and  rot  gives  f;ivor;il)le 
results.  The  Ini}>erial  (4ov(^nnuent  surveyor  of  buildings  also  confirms  this  state- 
ment in  a  certificate  under  date  of  January  P),  issr>.  in  which  he  stati'S  that  on  the 
imperial  roads  woodwork  used  in  underground  construction  during  the  years  from 
ISTO  to  ISS.").  when  painte<l  with  carbolineum.  had  no  decay  uj)  to  date  of  certiflcate. 
For  the  sake  of  experiment  two  ])ie,ces  oi'  ])ine  wood,  taken  from  tin;  same  ])lank, 
were  thus  treate<l:  The  first  was  i)ainted  with  carI)olineum.  while  the  second  was 
left  in  its  natural  state,  and  both  placed  in  the  ground  under  the  same  conditions. 
At  the  end  of  three  years  the  painted  specimen  was  found  to  exhibit  no  signs  of 
decay,  but  the  nnpainted  one  was  in  a  rotten  state. 

The  district  surveyor  of  buildings  inclines  very  favorably  t(»  the  use  of  carbo- 
lineum on  buildings  in  the  water,  and  on  sluice  gat(!S.  dam  barriers,  piles,  posts, 
es))ecially  when  the  wood  is  ke])t  wet  or  dry,  or  by  turns  wet  and  dry.  It  is  Ibnnd 
that  carbolineum  is  cheaper  than  the  semifluid  tar.  For  an  area  of  6  square  meters 
1  kilogram  of  carbolineum  is  ordinarily  used;  and  its  superiority  over  tar  is  sliown 
by  the  fact  that  even  the  largest  manufacturers,  where  tar  is  a  by-product,  and  the 
nse  of  Avhich  costs  nothing,  are  coming  to  use  carbolineum. 

It  is  best  and  most  advantageous  to  paint  with  hot  carl)olineum,  for  in  this  state 
it  is  more  fluid  than  when  unboiled,  and  for  this  reason  penetrates  into  all  cracks 
and  openings,  at  the  same  tirao  dissfdving  any  rosin  or  oil  jiresent;  it  also  disinfects 
more  energetically  in  a  warm  state  than  in  a  cold  one.    In  warm  weather,  and  on 
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WOotl  whtMi  flic  siirlMcc  iioi  luniid  in  lln-  ciilli.il  is  iiri  i  ss;ir\  to  L:i\c;i  fliiclscr 
(■(i;itiii--  t)t"  1  Ik-  iiiili«':il<-'l  ( •  i  I .  cs]  •(  •(•  i  .1 1 1  y  ;i  s  it  ciii  !».•  icpr.i  I  cd  aUcr  ;i  uliilr.  Wdod 
tlial  is  iidl  ( Diiiplct  cly  AW  diicil  iiiii>t  ;il\\:i\s  l)r  t  ic;i  1 11 1  with  hot  t:i  r  I )« .  I  i  iic  1 1 111 .  All 
I  hr  w  .10.1.11  1 1  MS  Is  lit'  liii.lms  ih.it  ;in-  cxito^i'd  I  o  .•  li;i  11  .  il"  we  I  ;ihil  dry.  iis  well  as 
their  i^ra  \  td  ion  cr.-d  layer  .il"  pla  11  Iss.  a  if  jia  i  11 1  .d  with  I  w  .»  coa  I  s  ol'  h.  d  ca  1  1  x  il  i  iieii  111 . 
All  kiml  I  \  \N  otid  siirl'aei's  must  l>e  \  i  vy  can  t'iill\  t  reaied,  .•il>l>l\  iii'4(tiil\  so  iniicli  as  w  ill 
he  readily  ahsorhed.  The  Kli..t  1  y  su  r  la  ees  (d'  wo.  n  1  Iwiiiu  I  he  pla.-e->  w  here  t  li(>  diuds 
open,  thi  s.'  .ire  thus  tlii'  \  .  i  n  l.)i  alities  wlu-re  the  decay  and  dcstniclion  from  lower 
oiuaiiisiii  lieuiii.aiid  it  is  .111  ihisaccoiinl  that  they  mnsl  recoivo  S])e(dal  pr.  d  tc  I  ion . 
(  )ne  kilouram  ol'  ea  rl>ol  i  n.ii  in  \  w  hi.  h  eoines  in  casks  of  alioiif  L^OO  kilos  ea(di  1,  cosl.s 
().;>  marks     7  cents.  — i /.'.  /■'.  I'l  riioir.  /lulh  lin  \n.  /.  /,v,s;.) 

METAl.  11  IMM.ATKS. 

Gene k  al  I J  e  m  a  k  k  s . 

>\'iili  wooden  ties  the  mils  usiidUy  ix'wv,  considerable  trouble  by  cut- 
tiii<i-  the  tics  ;it  ilic  r;ii]  seats,  thus  decreasiiio-  the  hold  of  the  spikes, 
allow i  11  the  rails  to  lilt  on  eurv^es,  and  renderini;'  the  ties  unservicea- 
ble. 1  )ircct  pressure  of  the  rail  on  the  tie  would  have  no  ettect  beyond 
a  \  ( i  \  sli^•llt  compression  of  the  wood,  but  the  cutting  and  Avearing  is 
due  to  (he  sliglit  motion  of  the  rail,  grinding  and  abrading  the  fibers, 
and  so  greatly  facilitating  local  rot  and  a  softening  which  hastens  the 
cutting  elVect.  The  rotting  also  affects  the  spike  holes,  thus  dimiuish- 
in-  tlic  holding  i)ower  of  the  spikes  and  endangering  the  safety  of  the 
track.  One  of  tlie  most  important  and  i)ractical  of  modern  imi)rove- 
nients  in  lailway  track  has  been  effected  by  the  wide  introduction  O/f 
ni(  tal  tic  plates  between  the  rail  and  tie,  which  involves  only  a  snuill 
first  cost,  but  efifects  a  most  decided  ecoiu)my  in  ties  and  track  work. 
Their  cheapness,  combined  with  their  undoubted  advantages,  has  led 
to  their  extensive  adoption  on  many  hundreds  of  miles  of  track,  as  it 
is  recognized  that  they  not  only  increase  the  life  of  soft  (and  chea])) 
tliougli  durable  ties,  l)uf  effect  a  direct  economy  in  renewals  and  main- 
tenance of  w  ay,  while  adding  to  the  permanence  and  security  of  the 
track  by  giving  a  durable  and  uniform  bearing  to  the  rails  and  lessen- 
ing the  disturbance  of  th(^  tra(dv  for  tie  renewals.  On  steep  grades 
tlie\-  i)re\  ent  the  increased  (Mitting ol' the  ties  by  sand  from  the  engines 
g(dting  under  the  rail  and  acting  to  abrade  the  wood.  They  also  pi'e- 
\(Mit  widening  of  the  gauge  by  the  tilting  of  the  rail  resulting  from  the- 
outer  edge  of  the  liange  cutting  and  sinking  into  the  wood,  which  is  a 
great  trouble  on  cui  ves;  and  they  teiul  to  reduce  the  wear  of  the 
s])ike,  especiall.\  if  1  lie  ])late  has  a  rib  or  lug  to  take  the  outward  thrust 
of  the  rail  liange.  Tlie\'  should  be  large  enough  to  give  a  good  bear- 
ing on  the  tie.  with  room  for  the  spike  holes,  and  stiff  enough  to  i)re 
vent  bending  oi  buckling.  1  Mates  12  by  V2  inches,  J  and  ^  inch  thick, 
have  been  found  too  large,  tending  to  caus(^  the  tie  to  lock.  \\'lieii 
tie  plates  are  ])ut  on  old  ties  a  Hat  seat  must  be  adzed  for  each  i)late,  or 
the  i)late  will  be  buckleil  tiirouuh  ha\  iiigan  uneven  beai'ing.  In  some 
cases  where  ]»ut  on  old  ties  they  are  said  to  have  effected  a  saving  of 
50  to  75  per  cent  in  track  woi  k  for  maintaining  the  gauge.  When 
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tirst  introduced  it  was  predicted  tliat  tlioy  would  make  it  difficult  to 
keep  tlie  track  to  gauge,  but,  as  a  matter  of  fact,  tlie  very  opposite  lias 
been  the  result,  as  tliey  not  only  prevent  the  tilting  or  overturning 
motion  of  the  rails,  but  also  hold  the  inner  and  outer  s]nkes  together, 
so  that  they  both  act  to  resist  auy  bodily  forcing  outwai d  of  the  rail. 
On  curves  they  have  been  successfully  used  in  place  of  rad  braces  for 
the  above  reasons,  as  the  great  trouble  (especially  on  sharp  curves 
at  switches  aud  turn-outs)  is  the  tendency  to  overturn  the  outer  rail. 
The  tact  that  some  tie  plates  have  met  with  marked  success  has  natur- 
ally led  to  the  patenting  of  various  modified  designs  of  such  i>lates. 

Thin  flat  plates  were  tirst  used,  but  these  were  apt  to  buckle  and 
crack,  aud,  being  comparatively  loose  on  the  tie,  they  held  the  water 
and  churued  it  into  the  tie,  causing  local  rot,  while  the  loosening  of 
the  ordiuary  spike  fastenings  led  to  a  disagTeeable  clattering  under 
the  trains.  The  New  York  elevated  railways  laid  souie  flat  tie  x)lates, 
6  by  S|  inches,  in  lSSS,but  in  addition  to  buckling  and  cracking  at  the 
ends  they  induced  premature  decay  of  tlie  wood  (yellow  ])ine)  under 
them.  They  jumped  and  rattled  under  [lassing  trains,  and  thus  in  wet 
weather  forced  tlie  water  into  the  wood  and  kept  it  wet,  hastening-  the 
rot,  esi»eeially,  in  summer,  when  the  tie  plates  were  hot  and  the  ties 
dam]).  In  less  than  six  \  ears  these  ties  were  removed  in  various  stages 
of  decay  on  aecdiiiit  (.1  the  rotting  under  the  i)lates,  at  the  part  Avhere 
soundness  is  most  rei|iiire(l.  in  some  ties  the  rot  extended  to  the  sap 
wood  beyond  the  i>Iates.  while  in  heartwood  it  was  confined  to  the 
])art  covered  by  the  |)l;ites.  It  is  not  necessary  to  use  a  very  wide 
plate,  as  it  does  not  accommodate  itself  to  the  wave  motion  of  the 
rails,  and  exix'riments  nr.ide  with  a  bearing  the  full  width  of  tlu^  tie 
showed  that  it  caused  the  tie  to  I'ock  in  the  ballast.  In  order  to  unite 
the  i)late  iirmly  to  the  tie  various  arrangements  of  teeth,  ribs,  and 
flanges  on  the  bottom  ol  the  plate  have  been  tried.  Some  of  these 
jdates  have  ribs  trans\  erse  to  the  fiber  of  the  tie,  and  thus  sever  the 
fibers,  while  others  have  tlic  ribs  or  flanges  api)roximately  parallel  with 
the  libers.  The  ribs  should  do  as  little  damage  as  possible  to  the 
surface  of  the  tie,  while  securing  a  firm  hold  in  the  wood.  The  Eastern 
Kailway  of  France  uses  felt  plates  to  protect  the  rail  seats  of  creosoted 
ties. 

The  economy  resulting  from  the  use  of  the  tie  plates  will  necessarily 
depend  upon  the  price  and  lite  of  ties,  the  ])rice  of  the  plates,  etc.;  but 
the  following  is  an  approximate  estimate  of  the  comparative  economy 
with  cedar  ties  lasting  six  years  without  plates: 

Trad:  erjycnscs  (iniJiout  tie-plates). 


2,040  ties,  at  80  cents   $792 

Cost  of  laying,  at  10  cents  per  tie   201 

Ties  and  labor   1,  050 

Renewals  at  same  price   1,  050 

Total  for  twelve  years   2,  112 


A.Mi:i;Tf'.\\  Tii:  i'L\'ri:s.  2^)1 

'I'rdtL  tjjtni.sfs  (iiilli  jiltiltH). 

l  io  l;.i)oi.   

:..LMI  I  ir  l.l.lt.-S.  Ill    i:.  .Tills   r.M  ll     792 


r..l;il  Inr  I  u  ,         \  r:irs   1.  SIS 

Mr.lm  t      r:ii)  |.l:ilcs.  half  (iriuiiial  wciLilil,  at  1  cnii  |.ri-  poiiiKl    IL^O 


Ncl  tntal    1,728 

Slim  inn  I  If. 

I  'ost  |>t  i-  111  i  l«>  lor  I  wt'l  \  !•  \  ca  r-^ : 

W  ith. .Ill  |.Iat.-s   $2,  112 

Witli  i.lat.s   1,728 


Sa\ iiiu  |if|-  mile,  1>\  plal.'S   3^4 


Aiiollicr  eu'oiKHii  V.  Iiow  cncm'.  is  in  the  (hiily  woik  of  iiini  iit  ('ii;i  nee, 
owiiiu  It)  the  1  ('(1  iici  ion  ol'  llic  woik  of  i-cspikiii*^',  (torrccti  ii  ^auge, 
taiiii)iii,u'  ](M)vc  I  ic^,  {'{r. 

Ami:im(V\.\  Tii;  Pla'I'Ks.    [See  V\.  :\.) 

'IMic  follow  inu  arr  tlic  principal  plates  used  in  tliis  counti-y,  bul  in 
addition  tluMc  arc  iiunicroiis  otlicr  plates  wliicli  exist  only  on  ])aper,  or 
have  been  tried  on  a  very  linuted  scale: 

(Inircluniyd  tic  plate. — This  i)late  has  on  the  u])i)er  side  a  rib  to 
take  tlie  thrust  of  the  rail  flange  ajid  on  tlie  lower  side  six  blunt  teeth 
of  V  section  ^vhieh  cut  across  the  fd)ers.  The  plate  is  of  rolled  steel, 
and  has  at  tirst  two  ribs  on  the  underside  which  are  formed  into  teeth 
by  i)assing  the  plate  through  rolls  having  pockets  instead  of  grooves. 
The  teeth  are  alxait  1  inch  long  and  three-eighths  inch  high,  while  the 
iipjx'r  rib  is  one-fourth  inch  high.  The  plates  are  8  or  9  inches  long 
(lengthwise  of  the  tie),  0  inches  wide,  and  about  one-fourth  inch  thick, 
and  the  weight  is  4  pounds  per  plate.  The  teeth  are  shorter  on  the 
e<lge  than  on  the  base  in  order  to  wedge  themselves  into  the  wood,  and 
it  is  claimed  that  no  water  can  get  in,  especially  when  the  plate  is  flat 
u]>on  the  tie.    (Central  Oil  and  Supply  Co.,  ISfew  York,  N.  Y.) 

CoJiI'h'  tie  plate. — This  is  a  steel  plate  with  two  ribs  of  V  section  on 
the  underside  cutting  across  the  libers,  and  a  rib  on  the  up])er  side  to 
take  the  rail  tlange.  The  ribs  are  the  full  width  of  the  plate,  and  are 
intended  to  r<'sist  lateral  shifting  of  the  ])late,  wliile  it  is  claimed  that 
water  can  not  get  in  around  them.  The  u])pei-  rib  relieves  the  outer 
spilce  from  the  abrasion  and  wearing  by  the  l  ail.  Tlie  phiteisof  rolled 
soft  steel,  (nie-foiirl  li  inch  thick,  and  is  SJ,  inclics  long  and  1  to  (»  inches  ^ 
wide.  Another  form  of  tliis  ])late  has  a  chisel-edg(^d  lug  at  each  coi  ner 
to  bite  into  the  tie,  instead  of  the  two  ribs.  (Dilworth  and  Porter, 
Pittsburg.  Pa.) 

ll()J(l((tc plate. — This  is  a  llat-bottom  i)late,  7  by  S  inches  (8  inches 
across  the  rail),  nine  1  liii  ty-second  nich  thi(;k,  and  weighing  4  pounds. 
A  lug  IS  stamped  uj*  to  lit  o\ cr  t  he  i  ail  tlange,  the  plates  being  laid  alter- 
nately with  the  lugs  on  the  inside  ;ind  outside  of  the  rail.  They  were 
laid  in  1888-*89  on  500  cedar  ties  with  (>;j-i)ound  rails,  and  on  Norway 
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l^ine  ties  on  several  bridges  on  tlie  Grand  Trnnk  Kaihvay.  In  March, 
1894,  Mr.  Holgate  (Peterborough,  Ontario,  Canada),  wrote  me  as  fol- 
lows: 

About  1,000  plates  were  laid  continuous!}'  on  500  tics.  I  liave  made  inquirj'^  aud 
the  roadmaster  of  that  district  writes  me  to  say  that  the  cedar  ties  on  which  the  tie 
plates  rest  are  ''as  j^ood  as  ever,"  aud  he  says  there  is  every  probability  of  their 
lastinji:  many  more  years.  The  ties  for  a  quarter  of  a  mile  on  each  side  of  this  batch 
of  500  are  also  cedar  and  were  laid  at  the  same  time.  Tliese,  the  roadmaster  says, 
will  have  to  be  taken  out  of  the  track  early  this  spring,  as  they  are  "  worn  out.'' 
The  question  as  to  ecouomical  results  I  can  not  answer,  not  uow  bein<j  in  the  employ 
of  the  Grand  Trunk  Railway,  but  I  think  that  my  experiment  in  connection  with 
tie  plates  was  the  only  one  made  on  the  railway.  I  may  say  that  on  the  floors  of 
several  large  bridges  I  also  used  the  tie  plate,  but  the  timber  (Norway  pine)  being 
harder,  the  good  etfects  of  the  i)late  is  not  yet  so  ])lain  as  on  the  softer  wood. 

Servis  He  plate. — This  is  one  of  the  most  extensively  used  plates  and 
consists  of  a  rolled  steel  plate  with  the  sides  turned  down  to  form 
flanges  which  lie  lengthwise  of  the  tie.  The  plates  are  thus  of  channel 
section,  bnt  tlie  larger  sizes  have  one  or  two  intermediate  ribs,  thus 
stiffening  the  plate  and  serving  to  hold  it  lirmly  to  the  tie  when  the 
flanges  are  driven  into  the  wood,  compressing  the  fibers  between  them 
so  that  there  is  no  motion  of  the  plate  to  cause  rattling  or  abrasion. 
The  smaller  i)lates  are  IV^  by  S  inches,  with  two  flanges,  and  the  larger 
(mes,  with  tliree  flanges  seven-eighlli  inch  dee]);  one  (J  by  9  inches. 
The  larger  ones  are  nsed  at  Joints  (as  on  the  middle  tieof  the  .'i-tie  joiiitof 
the  New  Y'ork  ( 'entral  Railway),  on  soft  ties  with  heavy  traliic,or  wheie 
extra  spiking  is  recpiired.  as  on  sliarp  cnrNcs  and  heavy  grades.  These 
])lates  were  laid  on  some  oak  ties  on  th(5  Louisville  bi'idge  of  the 
rittsburg,  Cincinnati,  Chicago  and  St.  Louis  Railway,  whi(;h  ties  were 
badly  cut  by  the  rails,  but  otherwise  s(mnd.  For  four  years  little  or  no 
work  was  done,  although  formerly  three  men  were  kept  almost  con- 
stantly shimming,  lining,  and  correcting  the  gauge,  redriving  the 
spikes,  etc.  In  I  '^'.^.'i  several  of  the  ties  were  rotting  beyond  the  rail 
seats,  but  the  i)lates  were  still  aHbrding  ample  support  to  the  rails, 
carrying  a  traffic  of  150  trains  ])er  day.  On  this  and  other  bridges  and 
on  some  curves  the  saving  dne  to  the  use  of  the  ])lates  is  estimated 
at  .">(>  per  cent  in  ties  and  GO  to  75  per  cent  in  labor.  The  Servis  plate 
is  also  made  with  a  ril)  across  tlie  ujtper  side,  the  rib  being  cut  away 
for  the  width  of  the  rail  base  and  serving  to  resist  the  thrnst  of  the 
rail  on  both  inner  and  outei-  side  of  the  l)ase.  ((^).  and  ('.Company, 
Chicago,  111.) 

In  July,  1892,  Mv.  P.  ►S.  Archibald,  chief  engineer  of  the  Inter- 
colonial liailway  of  Canada,  wrote  me  as  follows  in  regard  to  the  Servis 
plates  on  that  road : 

The  first  two  or  three  lots  we  found  rather  light,  and  a  considerable  uumber  of 
them  bent  up  at  the  ends.  This  troul)le,  however,  I  tliink  was  a  good  deal  owing  to 
the  fact  that  the  bulk  of  them  were  used  on  old  ties  consideral)ly  worn  under  the 
rail  flange,  and  the  section  men,  1  fear^  were  not  particular  enough  when  adzing  the 
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tifS  tn  make  a  ixMiVct  I  \  1m>i|  for  tlic  iilatcs.     W  licrc  iisttl  on  ik-w  ties  tlit-v  \\<rc 

miicli  iiioii-  sal  istartoi  N  .  I'lic  i iit  ri-asctl  cost  of  i  he  ht  avirr  ]»lato  issosniall  w  r  <l(  t«  r- 
miiu'd  to  atlopl  it.  <  Ml  tlic  iioit  Immii  ision  ol"  our  line  w  r  ^t-t  cedar  tics  \  ery  chca[) 
( jV«»iii  i;;  I  o  Ii!  cents  cacli  1.  W  i  I  lion  I  t  he  |ila  t  cs  t  In  y  w  irc  on  I  inalM.nl  Inn  r  m-  live  years, 
It  lit  with  tin-  phi  t  es  w  (>  expect  them  to  hist  at  least  t  \v  ice  as  h>ni;.  We  lind  ( Iiat  t  he 
holdiiiu  power  ol'  i  he  spikes  is  hiri^ely  iiieroasod  by  the  use  of  the  plaies.  wliich  is  a 
\ery  iiii|)ortaiit  mailer.  i'he  leinlein  \  ol'  the  track  to  s])read  on  ci-dar  lies  was  ihe 
Ujrt'iltest  ()hjt>et  ioii  to  I  In-i  r  n-e.  We  nse  a  h»in;»'r  phitt^  lor  the  lai  1  poi  n  I  s  on  aeianiiit  of 
t  heaiii^Ie  lish  phites,  ( )nr  ra i Is  a  r»'  1 inc  hes  hinli.  1  I  iiudies  llani;e,  and  wci^ii  »i7  pounds 
]>eryard.  l'\-erythiiiu- considered .  our  e\perience  with  Servis  tie  ])lale  lias  heeii  very 
satislaidorx  .  (>iir  tn-scome  so  cheap,  liowever.  in  this  eonni  r.\  (  fiom  IM  to  is  cents 
oaidi  tor  cedar,  tainaiac,  hemlock,  and  prince's  or  Norway  pine)  that  there  is  not  the 
saim>  i  ml  nee  men  I  to  ii>e  1  he  plai  e  as  i  hero  would  bo  if  tin;  ties  cost  :{0  to  50  cent.s  each, 
as  the\  do  with  xon.  They  are  not  the  least  iu)isy  in  ridiiii;  over  them,  as  some  jirc;- 
dicted  the\-  would  he.  I'lu^  lir^t  plates  we  used  were  thri'e-sixteeni  lis  inch  thick, 
with  llaiiL^cs  se\  en  ci  ^li  t  hs  inch  lU'c]). 

Tlic  lu'a\  y  |)l;it('.s  rrt('iT('(l  to  by  Mf.  Arcliil);il(l  are  .'>'J  l)y incli«'s  for 
iiitcriiu'diatc  lio  and  o-^  by  0-^  inches  tor  Joint  ties.  The  former  have 
two  .^pikc  holes  1  lirce-t'ourths  ineh  stiiuire,  4i\-  inehes  apart,  with  the 
eciitci  1  inch  Iroiu  opposite  sides  of  the  i)hite.  Tlie  hitter  have  two 
si)ike  hok's  three-fourths  inch  wide  and  seven-eii;iiths  inch  len<;thwise 
of  the  rail,  .">}  ■;;  inches  ai)art,  and  fifteen-sixteenths  inch  from  the  ed<»es. 
iiotli  phites  arc  one-fourtli  inch  thick,  witli  two  tlang'es  three-fourths 
inch  deep,  makini;'  the  i)late  1  inch  deep  over  all.  The  inner  and  outer 
faces  of  the  flau^ues  slope  toj^ether  to  a  sharp  point,  making-  a  tlan<;e  of 
wedfje  section.  The  New  York  Central  Kailway  uses  a  three-tlanged 
Servis  i)late  on  the  middle  tie  of  its  three-tie  rail  joints.  The  phite  is 
(>  by      inches,  and  thirteen-sixteenths  inch  deep  over  all. 

Shinihlcr  fif  phdr — This  is  a  llat-bottomed  plate  5i-  by  1)  inches,  one- 
fourth  inch  thick,  with  a  shoulder  or  lug  stamped  ui)on  the  upper  side, 
to  take  the  lateral  thrust  of  the  rail.  The  inside  spike  hole  is  a  slot  1;^ 
iiiclics  long,  .slightly  diagonal  to  the  rail,  to  allow  for  slight  variations  in 
tiic  w  idth  of  the  base.  A  later  form  of  this  tie  x)late  is  made  with  an 
outer  rib  instead  of  the  lug. 

SoKflicrn  Pacific  Railway  tic  plate. — The  re-<.lwood  ties  used  on  the 
Pacihc  Coast  lines  are  very  durable  but  soft,  and  to  avoid  the  cutting  of 
tiic wooda  wrought  iron  tie  plate  has  been  designed  and  is  manufactured 
at  the  comj)any's  shops.  The  plate  is  \)  inches  wide  and  Ih  inches  long, 
three-eighths  to  seven-sixteenths  of  an  inch  thick  under  the  rail^  and 
weighs  pounds,  '['here  are  four  round  holes  for  the  screw  spikes,  and 
a  rib  on  the  upper  side  takes  the  thrust  of  the  rail  flange.  There  is  no 
ril)  or  flange  on  the  bottom,  as  such  Manges  are  found  to  occasionally 
split  the  tics,  althoiigli  they  are  an  ad\  aiitagc  on  harder  wood.  Screw 
spikes  are  being  tried,  as  with  ordinary  spikes  in  tliis  soft  wood  it  has 
been  found(bllicult  to  hold  the  rail  lirnily  to  tlie  tie,  and  the  p]a\'  between 
I'ail  and  tic  coni rilnitcs  \ciy  largely  {n  the  cutting  and  wearing  of  the 
wood. 

MiscrlJdiHoiis  fir  /)lfiirs. — Mr.  ('.  <'.  U'lcnshall  proposed  a  flat  ])late 
with  bolted  clamj)  lastening.s.  the  bolts  passing  through  the  ties.  Mr. 
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M.  W.  Thoiiipsuii,  of  tbe  Peiiiisylvaiiia  Kailroad,  in  1880  designed  a 
heavy  flat-bottomed  plate,  witli  a  groove  for  the  rail  base,  the  rail  being 
secured  by  tbree  screw  spikes  and  clamps.  The  plate  was  7  by  0  inches, 
and  three-eighths  of  an  inch  thick  under  the  rail.  The  Columbian  tie 
plate  has  a  rib  on  toj)  and  two  ribs  underneath,  each  of  the  latter  extend- 
ing only  lialf  way  across  the  plate,  so  as  to  avoid  severing  all  the  fibers 
between  the  two  flanges.  Tiie  Wolhanpter  tiehas  a  top  rib  and  bottom 
ribs  in  either  or  both  directions.  The  Servis,  Goldie,  and  Churchward 
plates  are  those  most  extensively  used  thus  far. 

Foreign  Tie  ]*lates.    {Sec  PI.  '2  and  3.) 

Tie  plates  of  various  forms  have  been  extensively  used  in  Europe 
and  other  countries  to  prevent  the  cutting  of  ties  by  T  rails.  Tiiey  are 
generally  made  heavier  than  those  used  in  tliis  country.  As  a  rule, 
the  plates  are  Hat  bottonuMl,  some  few  liaving  teeth,  and  others  a  rib 
titting  into  a  notcli  ciir  across  the  tie.  The  cutting  of  the  ties  in  this 
way,  or  to  let  the  tie  i)hites  in  Hush  witli  the-to[)  of  tlie  tie,  api)ears  to 
be  a  bad  practice.  Tlie  dilliculties  arising  iiom  tlie  looseness  of  flat 
jdates  is  overcome  in  part  by  secure  fastenings  in  the  way  of  screw 
spikes,  bolts,  etc.  (Compression  of  the  wood  under  tlie  plate  makes 
it  necessary  at  lirst  to  occasionally  tighten  uj^  the  fastenings,  but  the 
comi)ression  is  slight  and  does  not  continue,  so  that  when  once  liriidy 
settled  the  fastenings  recpiire  but  little  attention. 

liiUl'mn  .stdtr  raihiud/s  fir  plate. — With  the  7()-i)onnd  and  l()4-]K)und 
(lolialli  rails  on  <  rcos(»ted  oak  ties,  each  tie  is  j)rotected  by  flat-bottomed 
tie  plates,  with  the  exception  of  the  Joint  ti»'S  for  the  l()4-i)0und  rails, 
on  which  the  heavy  llanges  ol"  the  angle  bars  take  a  bearing,  screw 
spikes  passing  tliiough  these  tianges.  The  tie  ])lates  under  these  heavy 
rails  are  of  grooved  section,  and  have  three  holes  for  screw  spikes.  The 
plates  are  0.(1  by  inches,  and  0.5(»  inch  thick  under  the  rail.  The 
spikes  arc  O.s  inches  long  over  all.  The  7(>-i)ound  rails  rest  on  flat  tie 
l)lates,  inch  thick.  Those  ;ii  the  joints  are  (>. 8  by  7.4  inches,  with 
4  s([uare  holes  for  si)ikes,  and  those  on  intermediate  ties  are  4  by  8 
inches,  with  2  spike  holes.    (>Sr6'  lielgium,  Part  I.) 

Frcncli  rulhcaii  tic  j)l((te.s. — Many  of  the  rail  ways  using  T  rails  emi)loy 
also  grooved  tie  plates,  with  screw  spikes  bearing  (lirectly  on  the  rail 
flange,  as  in  the  Jkdgian  plates,  while  atjoints  the  Hanges  of  one  or  both 
of  the  angle  bars  rest  upon  the  tie  plate,  and  the  screw  spikes  pass 
through  both  angle  b<xr  and  plate.  The  plates  are  flat  bottomed,  about 
8  inches  Avide  and  one-half  inch  thick  under  the  rail;  and  to  prevent 
lateral  shifting  they  are  let  into  the  tie  about  three-fourths  of  an  inch; 
but  this  does  not  seem  to  be  a  good  arrangement,  on  account  of  the 
expense  and  the  liability  to  rot  in  the  corners  and  seats. 

Bohener/ffer  tie  platen. — The  Xorth western  Railway  of  Austria  uses 
largely  on  its  wooden  cross-ties  a  large  tie  plate  designed  by  ^Ir.  Ilohe- 
negger.    The  plaie  is  1.j.0!2  by  ."i.O  inches,  for  a  rail  only  4.1G  inches  wide 
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OH  t  lie  l»n(  torn,  'riic  I II  iici-  cd  of  I  he  plalc  li;is  :i  i  rclaii^iihir  I'il)  I'll  t  iii^" 
nilt)  ;i  ni(H)  \  ('  ciil  ;ii  ro-^s  t  lie  lie.  'I'liric  aic  Inill'  lo  1 111(1  S|»ikr  liolcs  (>.S| 
inch  (liaiiH'Icr,  and  the  mil  is  iirld  l)y  (\\<>  Ixtllcij  clninps,  Ilic  holls  lia\- 
iiiL;-  connlci-^ink  lit-ads  litlin<4'  into  rci-csscs  in  llic  |)lal<'.  'I'lic  claiiiit.^ 
arc  i('\ crsihlc  ami  llic  uaiii^c  is  adJn^UMl  hy  the  inclined  lace  of  tin; 
(ailcr  cd^c  of  llic  claiiiii  hearing:  a^uainst  an  inclined  lace  on  llie  rihsot 
the  plate.     Tlie  I  lli(d^ness  of  t  lie  plate  is  iVoni  0. 1  I  to  d.S  iindi. 

Iiiilltiii  sftitc  niihrai/s  (ir  pl<i(c. — 'idle  railw  ay  depart  nieiit  lias  adopted 
a  Mat  l»()ttoiiied  tie  plate  lor  use  under  the  standard  7.")-poiind  T  rails, 
and  the  plate  is  in  uciieial  sinular  to  that  oftlie  Southern  Pacilic  liail- 
\va\'  [srf  I'l.  :')!.  It  is  7J,  by  OA  iiudies,  seven-sixteeiiths  iindi  thi(d<: 
under  tlie  rail,  and  has  a  rib  on  the  ui)per  side.  The  ])late  has  4  si)ike 
holes,  t  lireedoiiii  lis  inch  scjuare,  and  the  rail  seat  is  inclined  so  as  to 
i:i\'e  the  rail  an  inward  cant,  in  accordance  with  f<)reii;n  railway-  |)ra(5- 
tice,  to  lit  I  lie  cur\ ini;'  of  the  w  heel  treads. 

/'n.s/'.s  lir  J, Idfc— The  tie  plate  desi.iiued  by  :\Ir.  W.  l\)st,  of  the 
Netherlands  state  railways  (the  inventor  of  the  Avell-known  Post 
steel  tiesj,  is  of  the  heavy  tyi)e  usually  adopted  in  European  railway 
])ractice,  and  is  used  with  elauii)s  and  screw'  spikes  for  rail  fastenings. 
I  r  is  made  with  the  bottom  flat  and  also  with  sharp  teeth  on  the  bottom, 
the  teeth  beiiii;  about  three-sixteenths  inch  deep,  but  Mr.  Post  states 
that  if  the  tie  has  a  knot  or  hard  place  at  the  seat  for  the  plate,  the  tiat- 
bottonied  plate  is  the  better,  as  the  toothed  plate  sometimes  ^ives  an 
irreiinlar  i;au«j;e  under  such  circumstances.  The  steel  tie  plate  of  this 
type  now-  used  on  the  Netherlands  state  railways  is  tlat  bottomed 
^  (excei)t  that  the  maker's  mark  is  in  raised  letters  on  the  bottom),  but  is 
otherw  ise  similar  to  the  form  illustrated.  It  is  8.50  inches  wide  and 
s  in(  lies  lon.u.  to  0.74  inch  thick  at  the  rail  seat,  which  is  4.32  inches 
wide,  incliiu'd  1  in  lit).  The  out(5r  ed^e  of  the  rail  butts  against  the  edi»e 
(►f  the  rail  seat,  and  is  hckl  by  a  screw^  spike  wliose  head  bears  directly 
n[)()n  the  rail  and  the  side  of  the  tie  plate.  The  inner  flange  is  held  by 
a  (danij)  and  a  similar  spike.  The  plate  has  3  si)ike  holes  0.1)0  to  1 
iindi  <liaiiieter  along  each  side.  The  s])ikes  are  7.5  incdies  long  o\er 
all,  5.5(i  iindies  long  under  tlie  head,  0.57  in(di  diaiiH'ter  in  the  shaidc, 
and  O.S!)  inch  diameter  over  the  tiireads,  wdiich  ha\'e  a  pitch  of  0.48 
incdi.  4'lie  spike  lu'ad  is  L*  inches  in  diameter,  with  a  tapering  projec- 
tion, O.Sl  toO.'.li'  imdi  sipnire,  lor  the  sixdcet  of  the  tra(dv  wrench. 

J'russidii  shifr  railiraijs  fie  phitc. — The  standard  ti'aek  consists  of 
SL*.i;5  i)ound  T  rails  resting  on  Hat  bottomed  steel  tie  i)lates  7J,  by  (j.^ 
imdies  and  one  hall"  to  eleven  sixteenths  iiudi  thiidc  under  tlie  rail. 
\aiv\i  i)late,  weighs  S.8ii  i>oun(ls.  The  top  surlace  is  grooved  to  fit  the 
rail  flange,  and  tlie  rail  seat  is  inclined,  in  the  same  way  as  that  of  tlie 
Indian  state  railw  ays  plate.    Threes  screw  spikes  are  used. 

Sdudhfrffsflrphifrs. — Mr.  (  \  P.  Saudberg,  the  well  known  jMiro})ean 
rail  exiH'i  t,  has  de\  ise(l  dirrer(Mit  forms  of  steel  tie  ])lates,  but  tliey  are 
allot  the  tlat  bottomed  type.    His  liist  ])late  had  lugs  stamped  up  to 
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eugage  the  rail  flange,  tlie  rail  being  secured  b}^  a  taper  steel  key  driven 
between  the  rail  flange  and  lug  of  plate,  as  in  the  Keudel  steel  tie 
(India  and  Mexico,  Part  I).  The  plate  was  secured  to  the  tie  by  3 
bolts  through  The  tie,  with  fang  washers  for  the  heads.  These  plates 
have  not  been  adoped  to  any  great  extent,  partly  because  of  the  expense, 
and  partly  because  the  Sandberg  rails  are  used  principally  in  the  cold 
countries  of  northern  Europe,  where  the  track  lieaves  in  winter  and  con- 
siderable shimming  is  necessary.  They  were  laid  for  2  miles,  witii 
100-pound  T  rails,  on  theFurness  Hailway,  England,  audgave  no  more 
trouble  than  tlie  ponderous  arrangement  of  double-headed  rails  and 
chairs  in  the  adjacent  track.  Another  form  of  plate  had  2  lugs  for 
the  rails  and  2  spikes  to  hold  the  rails;  while  2  extra  spike  holes  were 
provided  m  case  the  plate  needed  to  be  more  securely  fastened  to  the 
tie.  In  the  lielgian  state  railways  the  Sandberg  "Goliath"  rail  is 
lai<l  on  ground  tie  plates  and  secured  by  screw  spikes  with  wide  flat 
heads,  \\  liidi  bear  on  the  rail  Ihiiige  and  edge  of  plate.  In  view  of  the 
dillieulty  ol  introdneing  these  plates.  Mr.  Sandberg  has  modified  his  rail 
sections  so  as  to  give  an  unusually  wide  base  of  rail,  but  it  is  doubtful 
whether  good  rails  of  such  a  design  can  be  successfully  made. 

Scidl  lie  pldtc — This  (ierman  invention  is  a  Hat,  narrow  bar  or  plate 
nearly  as  long  as  the  tie  and  laid  up(»n  it.  Tlie  ends  are  inclined  to 
form  tie  ])lates  and  lia\«'  holes  to  icceive  the  smaller  lower  part  ol'  rail 
clanijis  (•!    I  I  '  shape.  lhr(»nL;h  which  pass  sciew  sjjikes. 
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W(K)il  is  iiiiulc  lip  of  siii.il  I  liltcis.  ihc  \aiious  loiiiis  oT  wliicli  roust  i  t  ut  «■  itsicl] 
strut  tiiif.     Air  (ii(  U])i»'N  (he  rclls  noi  lillcd  with  sap. 

IMic  woody  til»i  i-  ill  all  Iviiids  of  w  (»od  is  (•()in))()sc(l  of  tlio  Hainc  eloiiinits,  and  in 
nearly  llif  saiiir  |iro|»oii  ions.  It  consists  ol'  I  parts  of  carhoii,  o.T  ]»arts  of 
hydroijon,  and  H.'J  parts  of  oxygen. 

l)i|Ven*nccs  in  the  stivugtli  of  tinilxn  arc  due  to  differences  in  structure,  or  in 
till'  form  and  disposition  of  the  (i  iters.    The  specilic  gravity  of  the  liber  is  about  1.5. 

The  saj)  consists  mainly  of  water  and  of  the  so-called  extractive  substances,  such 
as  vegetable  glue,  gum.  gallic  acid,  coloring  matter,  sugar,  all)uinen,  etc.  Besides 
these  substances,  which  are  found  iu  greater  or  smaller  (juantities  in  almost  every 
kind  of  saj),  that  of  some  kinds  of  Avood  contains  special  ingredients.  Oak  contains 
tannin;  the  coniferous  woods  contain  resin,  essential  oils,  etc. 

The  <iuantity  of  sap  contained  in  wood  varies  considerably  in  different  kinds  and 
at  different  seasons  of  the  year.  Freshly  cut  wood  contains  from  18  per  cent  of 
sa])  (in  hornbeam)  to  52  per  cent  (in  black  po})lar).  The  variation  of  sap  at 
ditlerent  seasons  is  illustrated  by  the  observation  that  ash  cut  in  .January  was 
found  to  contain  29  per  cent  of  sap  and  39  jier  cent  when  cut  in  April. 

When  wood  is  thoroughly  air-dried  it  still  contains  from  16  to  20  per  cent  of 
water,  and  when  air-dried  wood  is  exposed  for  a  time  to  a  temperature  of  277°  F., 
the  ([uautity  of  water  is  reduced  to  one-fourth  or  one-(ifth  of  what  was  left  in  the 
air-dried  wood. 

No  I  K. — Tlu^  following  table  e\hi1)its  the  weight  of  1  cubic  loot  each  of  difl'ercnt 
kinds  of  air-dried  wood  and  the  space  in  a  cubic  foot,  or  1,728  cubic  inches,  of  air- 
drit'd  wood  oceuiticul,  n^spectiveiy,  by  liber,  sap,  and  air,  assuming  tlu;  si)ecilic  gravity 
of  fiber  at  1.5: 


"Weights  of  1  cuhie  foot. 

Space  occupied  by  fiber,  sap, 
and  air. 

I'ouuds. 

Per  CGnt 
of  water. 

Weiprht 
of  water. 

Weight 
of  fiber. 

Fiber. 

Sap. 

Air. 

Cub.  ill. 

Cub.  in. 

Cub.  ill. 

WJiitr  <Mik  

53.3 

Hi 

8.5 

44.8 

8.30 

161 

662 

34.4 

17 

.5.8 

28.6 

530 

161 

1,  037 

'ir>.  1 

17 

4.4 

21.6 

400 

125 

1,  203 

White  ll.M-.  h  

45.2 

IS..-. 

K.  4 

.36.8 

681 

233 

814 

Wliite  rlni  

:ti;.  2 

18.5 

0.  7 

29.5 

546 

186 

996 

1!) 

7.  () 

32.0 

592 

211 

925 

33.0 

Ut.  5 

C.  4 

26.  6 

493 

177 

1.0.58 

33.4 

2U 

(i.7 

=.7 

494 

186 

1,054 

'In  this  paper  notes  signed  with  the  initials  H.  C.  are  to  be  credited  to  Mr. 
Howard  Constable,  C.  E.,  <d"  New  York  City,  who  had  kindly  i>repare<l  a  separate 
]iaj)er  «tn  the  same  subject,  but  to  avoid  unnecessary  repetitions  his  paper  has  been 
divided  an<l  used  as  footnote's  along  with  the  report. 
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The  weight  of  water  per  cubic  foot,  as  given  iii  the  third  column  of  the  above 
table,  and  the  weight  of  fiber p'^r  cubic  foot  of  lumber,  in  the  fourth  column,  were 
calculated  from  the  observed  percentage  of  water  contained  in  the  Avood,  as  given 
in  the  second  column. 

In  air-dried  wood  from  one-third  to  nearly  two-thirds  of  the  volume  is  occupied  by 
air,  which  might  be  replaced  with  some  liquid  if  the  air  were  removed,  or  partly 
replaced  if  the  air  were  compressed.    (Knapp's  Technology.) 

DECAY  OF  WOOD. 

The  woody  liber  by  itself  does  not  seem  liable  to  decay,  but  the  sap  contained  in 
it  under  favorable  conditions  undergoes  fermentation,  and  fungi  attack  and  destroy 
the  liber. 

P^crmentation,  however,  can  not  take  }>laoe  except  in  the  presence  of  air,  moisture, 
and  of  a  temperature  above  the  freezing  point  (32^'^  and  below  15(P  F.  If  any  one 
of  these  conditicuis  is  lacking  decay  is  impossible. 

But  if  wood  is  to  be  exi>osed  to  conditions  favoralde  to  decay,  special  precautions 
and  means  can  and  shoultl  be  adopted  to  prolong  its  usefulness.  The  sap  being  the 
l)rinu)  cause  of  decay,  it  is  ]>!aiii  that  timber  should  be  cut  at  a  season  when  it  con- 
tains the  least  (piantity  of  it  mid  the  least  anioiiiit  of  organic  in:ittcr,  \  iz.  during 
winter. 

It  is  stated  on  good  autlioi  ity  tliat  wood  of  |(ro|>er  character  and  age  cut  during 
.January  and  then  air-dried  resisted  decay  for  fifteen  and  sixteen  years,  whereas 
timlier  of  the  sanie  kind  cut  at  dilVercnt  age  and  season  lasted  only  four  years.' 

MKi  iioDs  <»!•   i  i<i;a  r.M i:n  r. 

The  methods  which  are  used,  citln  r  simply  or  in  conihination  with  (;ach  other,  iu 
the  i)reservation  of  wood,  are — 

(1)  Steeping  iu  water  or  in  antiseptic  solutions. 

'  I'xperience  has  sln)wn  that  wood  cut  in  August,  if  pr()|)erly  seasoned,  will  List  as 
long  as  that  cut  in  winter.  I'he  manner  of  after-treatment  will  decide  mostly  for 
or  against  the  ])ractice  of  sunnner  (  iitting.  If  no  precautions  are  taken  as  to  proper 
si'asoning  the  winter  ctitting  is  decidedly  preiernble. — ii.  i:.  v. 

It  is  also  evident  that  thet()tal  or  partial  removal  of  the  sap  from  wood  will  retard 
its  decay.  Jiut  even  if  all  sap  weie  renujved  decay  would  naturally  set  in  if  the 
entrance  into  the  cells  of  air  and  water  containing  spores  is  permitted,  or  if  no 
means  are  adopted  to  prevent  their  growth  when  introduced. 

To  prevent  air  and  water  from  entering  the  wood  its  cells  may  Ix;  lilled  with  some 
substance  not  liable  to  decay.  To  i>revent  organic  li^■(^  from  s])ringing  up  in  the 
wood  cells  antiseptics  .are  introduced  into  them  in  the  form  of  solutions  which  act  as 
poisons  ou  all  kinds  of  spores  and  bacteria. 

NoTK. — Tluae  is  no  doul)t  Avhatever  that  wood  can  be  ]»res(!rved  successfully  and 
to  commercial  advantage  to  a  much  greater  extent  than  is  generally  believed.  To 
experts  iu  this  tield  little  need  be  said;  they  are  aware  of  its  extent,  what  has  been 
accomplished,  and  the  possible  advantages.  They  know  that  the  preservation  of 
wood  has  been  carried  on  in  England  and  in  sev(;ral  countries  of  Europe  for  a  great 
many  years  on  a  very  extensive  scale  and  with  the  most  satisfactory  results,  several 
l)rocesses  being  in  use  whose  efficiency  has  been  thoroughly  established.  Experi- 
ence in  this  country  has  not  been  satisfactory,  owing  to  a  want  of  appreciation  of 
certain  conditions  very  different  from  those  found  abroad.  Among  these  it  is  notice- 
able that  we  have  usually  green  timber  to  treat  instead  of  seasoned  wood,  and  that 
in  some  localities  timber  is  yet  too  plentiful  and  consequently  cheap  to  admit  a 
preserving  process  being  employed  to  commercial  advantage.  In  some  cases,  again, 
exj)eriments  have  not  been  satisfactory  owing  to  the  great  distances  to  which  wood 
had  to  be  transported  for  treatment  and  then  to  be  sent  back. — ii.  C. 


Tin:  HOicii i:ivMK  nv'()("i:ss.  2."")'.) 

(!')  I'orciiiLC  a  cuntMit  <»t'  water  (U-  of  ant  iscpl  ii-  soliitiim   loti^ntmlinallN  tliroii^li 
tlio  (liit  ts  ol'  tlu'  wooil,  (  ilht-rltx  |irt'ssiirc  oi  1)\  siict  ion  - 1  li«  I'ioih  Ih-i  ic  |iru(  ('>s. 
(,■))  Su-amiiiu  in  t  lux-d  \fssrls. 

(4  )  K'rinov  iiiLT  a  ir  and  \  a  |iiirs  I  rum  t  lir  cflls  l»y  (rt-a  t  in;^  a  \  acniini  a  nmnd  (lie  wood 
in  a  closed  vt'ssid,  and  t  Inn  inject  ini^  tin-  ant  i>ept  ie  sol  n  t  ion  i  n  t  o  t  iir  w  ood  l)y  a  ppl  \  - 
in^  prossluc  to  tho  solntion. 

(H  '<tt<iiiiiif.  —  \\  hen  wood  is  steeped  in  running  water  its  sap  isdilnird  and  -irad" 
iially  displaced.  This  is  the  cause  of  tin'  greater  durability  of  ralird  Ininlier  ;is 
compared  with  that  w  liicli  has  not  l>ecn  snbnierL^cd  in  w  atci-. 

Iiut  the  ])roccss  is  net cssarily  slow  .  and  if  the  w  ater  in  w  iiich  the  wood  i>  snl)- 
nierged  contains  sediment  the  process  is  itupeded. 

Steeidnix  is  also  used  for  iinprei4iiatin<^  wood  w  ith  antise|)tic  solntion->.  To  allow 
sm  h  solntions  to  enter  the  wood  the  latter  shonid  first  lie  freed  from  water,  either 
hy  air  dryinL:,  or  Ity  exposing  it  to  heated  air  in  kilns.  Steeping  re(|nires  mm  h  t  ime 
(I'rom  one  to  two  or  three  weeks)  and  can  nexor  clfoct  a.  thorou;^h  impregnation  of 
the  wood.  '1  hf  strnetiire  of  wood  is  such  that,  while  it  olfers  hut  sli<;ht  re  ;istau<(5 
to  the  tlow  ol'  Ii(|nid>  thionuh  its  lou.u,itu(linal  dncts.  it  is  very  dillicult,  even  niuler 
ureal  ])ressuri'.  to  force  any  liciuid  from  the  t-urfaco  to  its  center  at  ri.ii;ht  anujles  to 
the  ilirection  of  the  libers.  Ihit  tlui  entranco  of  any  i>re8ervin<r  li(ini(l  throu^^li  tho 
ducts  and  «dher  ctdls  is  resisted  hy  the  sap  rcniaininj;-  in  the  wood  and  l)y  tin;  air 
w  hich  fills  the  cidls  not  occupied  hy  sa]),  so  that  steeping-,  as  generally  carried  out, 
causes  the  antiseptics  to  ])enetrate  I»ut  a  short  distance  from  the  surface  of  the 
wood. 

It  is  evident,  therefore,  that  wood  which  is  to  ])e  preserved  hy  tliis  method  of 
inii)regnation  should  he  lully  franu'd  to  the  exact  form  in  \vlii(di  it  is  to  l>e  used 
before  it  is  treated. 

Steepinij^  may  somctiujes  be  useful  as  a  i)rocess  ])reparatory  to  others. 

(l!)  The  Boiichcrie  procesH. — About  forty- five  years  ajj^o  JJoncherie,  a  French  chemist, 
conceived  the  i<lea  of  inlpreu:nating^^•ood  with  a  ])reserving  fluid  by  introducinuf  it  into 
a  livin<i  tree  through  a  •;roove  cut  around  its  surface  near  the  ground,  from  which 
it  was  to  arise,  together  with  the  sa]),  through  the  cells  of  the  wood. 

But  it  was  soon  found  impracticable,  and  in  1S41  T^oucheric  patented  a  ])r()cess  for 
l)reserving  wood  by  forcing  a  solution  ()f  sul])liate  of  copi>er  through  the  cells  of  the 
wood  under  hydrostatic  |)ressure  a])])lied  at  one  end  of  freshly  cut  and  unbarked 
logs,  so  as  to  remove  the  sap  and  replace  it  by  the  solution  of  copper.  Since  then 
impregnation  w  ith  sul})hate  of  co])per  has  been  generally  known  as  the  "lioucherie 
process,"  although  this  term  is  more  properly  applied  to  the  method  of  impregnation 
invented  by  him,  which  may  also  be  used  in  connection  with  other  ])reservatives  as 
well  as  with  copper. 

To  secure  the  ready  ]iercolation  of  the  fluid  through  the  cells  of  the  wood  it  is 
necessary  that  thesaj)  of  the  woo<l  to  whic  h  tho  process  is  to  be  applied  should  pos- 
sess the  greatest  i)ossible  degree  of  tluidity.  This  it  has  during  the  first  months  of 
the  year.  Tind)er  cut  during  the  autumn  may  also  be  used,  although  the  saj)  at 
that  season  isnH)re  viscous  aiul  less  readily  removed.  During  the  spring  ami  sum- 
mer the  sap  contains  so  much  gummy  extractive  matter  that  it  is  not  lit  for  treat- 
ment by  this  ])rocess.  The  timber  is  treated  in  the  form  of  round  logs,  with  tlio^ 
bark  left  on.  Tln^  treatment  should  be  ap])lied  as  soon  as  possible  after  the  timber 
has  been  cut.  \\  hen  exjiosed  to  the  action  of  the  atnu)S])here,  even  for  a  short  time, 
the  sap  will  solidify  and  greatly  retard  the  ]»rocess.  It  is  customary,  therefore,  to 
cut  the  logs  of  somewhat  greater  length  than  that  ultimately  re(|uired,  aud  to  saw 
ofi^a  few  inches  from  the  ends  Just  liefore  subjecting  the  logs  to  the  process. 

Logs  which  are  placed  in  clear  water  immediately  after  they  are  cut  w  ill  remain 
for  some  time  in  proper  condition  for  treatment.  If  the  logs  are  intended  for  rail- 
way ties  they  may  be  cut  of  suitable  length  to  make  either  one  or  two  ties,  and  the 
mode  of  introducing  the  solution  varies  accordingly.    Logs  cut  for  single-length 
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treatmeut  are  placed  (^vith  a  slight  iucliuatiou)  in  a  row  on  skids,  and  fastened  to 
the  latter  l>y  clamps.  Along  each  row  of  logs  runs  a  pipe,  connected  with  an  ele- 
vated tank  which  contains  the  antiseptic  solution.  Around  the  periphery  of  the  end 
of  the  log  nearest  the  pipe  a  greased  rope  is  then  laid  and  i)ressed  against  it  by  a 
plank  which  is  drawn  tight  against  the  log  by  clamps. 

Thus  a  cylindrical  chamber  is  formed  into  which  the  solution  is  admitted  1>y  a 
rubber  hose  connecting  the  pipe  with  the  chamber.  The  admission  of  the  solution 
may  be  stopped  by  clamping  the  hose.  AVheii  the  solution  is  lirst  admitted  the  air 
contained  in  tin-  chamber  is  allowed  to  escai)e  through  a  small  opening  near  the  top 
of  the  chamber,  and  then  the  solution  enters  the  open  ducts  in  the  wood,  pushing 
the  sap  before  it,  and  linally  escapes  at  the  opposite  end,  where  the  mixture  of  sap 
and  solution  drips  into  a  trough  placed  along  and  under  the  ends  of  the  logs. 

When  logs  cut  to  double  lengths  are  to  be  treated,  after  having  been  i)laced  on 
the  skids  they  are  sawed  very  nearly  but  not  quite  through  in  the  middle.  Wedges 
are  then  used  to  raise  them  at  the  middle  so  as  to  open  the  saw-cut  wide  enough  to 
admit  tht-  introduction  of  a  greased  rope,  which  is  jdaced  around  the  circumference 
of  the  cut.  The  wedges  are  then  taken  out  to  allow  the  cut  to  close  up,  and  thus  to 
compress  the  io\)o  antl  to  form  a  close  chamber.  The  solution  enters  this  chamber 
through  a  short  tubedri\  »'n  into  a  hole  which  is  l)ored  slantingly  a  few  inches  from 
the  cut  through  the  t-nd  of  one  of  the  logs.  Kubbrr  hose  leads  from  the  hole  in  the 
log  to  the  pipe.  The  air  is  allowed  to  escape  from  the  chamber  by  using  a  ])iu  to 
make  a  small  hole  at  the  top  of  the  greased  rope,  which  is  then  plugged.  Of  course 
two  troughs  have  to  be  placed  along  and  under  the  outside  ends  of  the  logs,  where 
the  li<[uid  leaves  the  logs.  The  troughs  carry  the  escaping  solution  to  a  tank,  where 
it  is  restored  to  its  normal  strength.  But  as  the  solution  in  passing  through  the 
logs  is  mixed  with  the  sap  it  will,  even  if  the  scum  is  removed  with  ladles  and  the 
lluid  liltered  through  woolen  cloth,  soon  become  im])regnated  with  foreign  sub- 
stajices  to  such  an  extent  that  it  can  not  be  safely  used  any  longer. 

This  may  bo  remedie«l  to  sonu;  extent  by  tiltration.  At  the  foot  of  the  trestle 
carrying  the  tanks  are  placed  as  many  tiltering  tanks  as  there  are  tanks  on  the 
trestle.  The  tiltering  tanks  are  closed  by  covers,  which  can  be  readily  raised  when 
the  filtering  material  is  to  be  introduced,  and  then  closed  and  lirmly  anchored  to 
the  tank. 

'i'he  lluid  ilcliveicd  Ijy  the  troughs  is  ])Uinpe(l  into  one  of  the  upixir  tanks,  from 
which  it  is  conducted  l>y  a  i>ipe  to  the  bottom  of  a  tiltering  tank,  whence,  under  a 
head  due  to  the  elevation  of  the  tank,  it  ]iasses  upward  through  the  liltering  mate- 
rial and  through  a  pipe  starting  from  the  cover  of  the  liltering  tank  to  a  jjump 
which  raises  it  again  to  a  second  tank  on  top  of  the  tn'stle.  There  the  solution  is 
brought  to  the  normal  strengtli  and  then  starts  on  a  new  round.  Such  liltcrs  have 
to  be  cleaned  daily. 

It  would  ap])ear  that  a  cheaper,  if  n()t  more  expeditious,  method  of  prev(;ntiug  the 
adulteration  of  the  solution  could  be  found  by  passing  only  clear  water  through  the 
logs  at  the  beginning  of  the  treatment,  continuing  this  process  until  the  sap  has 
been  removed,  and  only  then  introducing  the  antiseptic  solution.  The  water,  after 
passing  through  the  logs,  would  be  allowed  of  course  to  run  to  Avaste. 

The  removal  of  the  sap  might,  jierhaps,  be  exjiedited  and  made  more  complete  by 
using  a  weak  solution  of  borax,  instead  o/pure  water,  at  the  beginning  of  the  oper- 
ation. 

In  France,  where  the  Boucherie  process  was  for  many  years  used  exclusively  for 
imj>regnating  wood  with  sulphate  of  copper,  the  rule  was  to  continue  the  treatment 
until  every  portion  of  the  end  from  which  the  solution  escaped  shoAved  the  proper 
reaction  Avhen  tested  with  ferrocyanide  of  potassium.  It  Avas  also  a  rule  not  to  stop 
the  operation  until  the  solution  escaping  from  the  end,  when  tested  by  chemicals, 
showed  a  strength  of  two-thirds  of  th<5  original  solution,  the  wood  retaining  almost 
all  the  sulphate  of  copper  at  the  beginning  of  the  treatment,  and  gradually  less,  so 
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that  tlic  solution  llowinn  iVom  it  sliowrd  ;i  mi  i  .  spond i  ii;;  iiH  Tcasc  in  sf  rcii^^ f  Ii.  Tlii' 
1  iinc  rt'(|uirfil  I'oi  tlioidiinlil;  iiiiprci^uat  iiij^  wihhI  liy  lliis  ]U(icr.ss  u;is  rninid  tti  \ar\ 
wit li  t  lie  >i  a tc  ol  (  hf  atinosnluTO.  w.itli  t  lu-  (liiiicii.sjdiiN  of  t  he  lo-.  ;inil  with  I  In  i|  iial  it  \- 
ol'  tlu'  tiiiilM  1.  A  Iiiiinid  and  mild  at nio.s|dit'it'  w  as  t  lie  nio^t  la\ oraldc  w  liilc  <li  >  and 
cold  wratlifi  ittardid  llif  |ir(HTss.  hiiiinu  iVcr/inu  wca  t  licr  o|. era  I  ions  had  t<i  lie 
suspended. 

As  to  the  inllnrncr  ol"  dinuMisions  on  tlic  time  rci|uired  I'oi   tit  atuirnl.  it  ina\  lio 
asstiniod  that  the  t  inir  rt'(|uiifil  isdiicctly  projtortiona  1  to  tlu'  diameter  of  tlir  h)L; 
and  to  t  he  s(|naif  ol  its  h-n-l  h.     It  inayaho  1)0  assunied  as  Itci  n  ^  i  n  \  crxd  \  pio|)()i 
tional  to  till'  hvdrostati(  prrssnrc  applied. 

'riinher  in  wlurh  the  annnal  rini^s  do  not  ditVrr  nindi  in  width,  smdi  as  hcct  h  and 
iienilock.  is  inoic  i-ea«lily  iinj)rei;iiated  than  tinihi-r  in  whudi  the  heart  is  ninch  more 
eompaet  than  the  sajiwood,  as  in  oak.  No  attemjjt  shonld  he  made  to  treat  timher 
which  is  not  i)i  rf<'(  tly  gonnd  thron,u;h()iit  its  whole  section  and  len<j;th. 

With  fresh-ciil  heeeh  loiis  intended  tor  tics  it  took  on  an  avera<>e  abont  iorty-ei<;ht 
hours  to  complete  the  impreuiiation.  Lo<j;s  of  jjjreater  length  aud  of  other  kinds 
re<|uireda8  much  as  one  hundred  hours  for  treatment.  In  eases  where  the  impreg- 
nation was  fouud  not  to  he  completed  at  the  end  of  one  hundred  hours  it  was  cus- 
tomary to  reverse  the  ]>osition  of  the  logs  and  to  force  the  solution  through  in  the 
opposite  direction. 

I'his  process  lias  l)een  most  extensively  used  in  France,  and  to  a  smaller  extent  in 
Austria  and  Germany.  In  England  it  has  never  been  applied,  because  nearly  all 
timber  used  there  is  introduced  from  abroad.  In  the  Knited  States  it  has  been  used, 
so  far  as  I  am  aware,  in  Imt  few  instances. 

Vet  its  use  insures,  probably,  a  more  thorougii  inii)regnation  than  any  of  the  other 
nietiiods  employed  at  present.  It  does  not  injuriously  atfect  the  strength  of  the 
wood,  and  requires  a  com])aratively  small  outlay  for  plant.  It  can  be  started  almost 
any  w  here  within  a  short  time.  Its  drawbacks  are  that  it  can  be  carried  on  only  dur- 
ing a  comparativ»dy  brief  season;  that  it  takes  considerable  time,  although  less  than 
the  stee]>ing  pro<'ess,  au<l  that  it  can  not  bo  applied  to  square  timber. 

Considering  that  the  large  <|uantity  of  air  which  even  fresh-cut  wood  contains 
must  necessarily  obstruct  the  passage  of  the  solution  through  the  log  and  prevent 
till  lluid  from  reaching  every  portion  of  the  wood;  considering,  moreover,  that  in 
l>ushing  the  solution  through  the  ducts  by  pressure  it  was  exposed  to  waste  at  every 
l»oint  where  the  ducts  rea(  hed  the  surface,  and  that  such  leaks  were  difiicult  to  stoj), 
I  Concluded  to  make  an  experiment  to  see  whether  better  results  could  not  be 
attained  by  reversing  the  P>oiicherie  process,  and  applying  suction  instead  of  pres- 
sure for  passing  the  antisei>tic  solution  through  the  logs.  Instead  of  using  an  elevated 
tank,  I  employed  two  small  closed  vessels,  in  one  of  which  a  i)artial  vacuum  was 
kept  up,  while  the  other  was  being  emptied  of  the  sap  and  solution  delivered  into  it 
by  the  pipe,  which  passed  along  the  ends  of  the  logs,  and  which  was  connected  with 
the  vacuum  tanks,  and  by  small  rubber  hose  with  the  chambers  formed  at  the  head 
of  each  log.  The  caps  in  this  case  consisted  of  a  thin,  flexible  metal  ring,  with 
shai  peiied  edges.  One  edge  was  driven  in  near  the  circumference  of  the  cut,  and 
when  tirnily  lixed,  the  disk,  2  to  4  inches  thick,  which  had  been  cut  from  the  end  of 
the  log  to  prepare  it  for  treatment,  was  driven  into  the  other  edge  of  the  metal  ring. 
This  wooden  bottom  of  the  <  hanilter  was  made  air  tight  liy  smearing  cl.iy  or  tallow 
over  the  outside  far  e. 

A  small  knob  lixed  to  the  circumference  of  the  metal  ring  contained  a  short  tube, 
to  which  the  ruV)ber  hose  was  attached  by  merely  slijqiing  it  over  the  end  of  the 
tube.  A  cock  in  the  short  tube  serve<l  to  i)ermit  or  to  stop  the  exhaustion  of  the 
air  from  the  chamber  at  the  end  of  the  log.  The  log  was  always  placed  so  that  the 
suction  end  was  at  a  higher  elevation  than  the  end  at  which  the  solution  entered 
the  log.  The  introduction  of  the  solution  was  manag<'d  in  two  ditl'erent  ways.  In 
one,  a  <  hamber,  i<lentical  with  that  at  the  suction  end,  was  Ibrmed  at  the  other  end 
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oftlie  log,  aud  the  solutiou  introduced  into  this  chamber  from  a  trough  riiuning 
along  and  4  feet  above  the  lower  ends  of  the  logs.  This  arraugemeut  gave  pressure 
at  one  end  and  suction  at  the  other,  thus  greatly  expediting  the  operation.  Guts  of 
the  libers  at  the  surface  of  the  log,  such  as  would  be  produced  by  chopping  olf 
branches,  through  which  the  air  miglit  be  sucked,  were  readily  detected  and  could 
be  quickly  stopped  by  rubbing  clay  or  tallow  into  them.  When  the  cock  in  the 
pipe  connecting  the  suction  chamber  with  the  main  pipe  was  opened,  tlie  first  result 
was  that  the  air  contained  in  the  cells  of  the  Avood  was  drawn  into  the  suction 
cliamber,  and  thence  into  the  main  suction  pipe  and  vacuum  tank,  thus  forming  a 
vacuum  inside  the  ducts  of  the  log,  which  caused  the  sap  and  the  solution  from  the 
lower  chamber  to  follow  in  a  solid  column  and  gradually  to  lill  the  wood  with  the 
antiseptic  solution. 

Auotlier  method  was  to  i)lac('  the  logs  in  a  triangular  tank  in  such  a  iiiaiiner  that 
the  lower  end  of  the  log,  to  which  in  this  case  no  chamber  or  cap  was  tixed,  would 
be  comi)letely  submerged  in  the  solution.  When  the  cock  controlling  the  connect- 
ing pipe  was  oi)eued  the  air  and  sap  contained  in  the  log  were  e.\^hausted  from  it 
and  the  cells  gradually  lilled  with  the  solution.  In  some  cases  the  tank  Avas  lirst 
tilled  with  water  for  the  juirpose  of  washing  out  the  saj)  Ix'tore  the  antisei)tic  solu- 
tion was  used. 

The  antiseptic  gj-uerally  used  w:is  sulphate  of  topper,  tx'cause  its  ])resence  or 
absence  can  be  determined  constantl.N  Ity  the  api)lieat i<»n  of  a  solution  of  ferroey- 
anide  of  potassium,  and  the  cx]>eriinents  were  instituted  mainly  for  the  ])iir]K)se  of 
ascertaining  how  long  a  time  was  re(|nired  to  thorouglilv  impr<'gnate  the  logs. 

With  sound  logs  of  12  to  20  inches  diameter,  cut  into  lengths  of  S  feet,  it  was  lotind 
that  the  wood  was  thoroughly  impregnate*!  in  from  live  to  eight  hours.  This  was 
ascertained  by  sawing  the  log  in  two  after  it  had  been  treated  and  testing  the 
whole  surface  of  the  cut  with  the  reagent.  I'.ul  when  the  logs  were  not  perfectly 
sound  the  imi)regnation  was  imperfect. 

A  small  experimental  station  wa.s  afterwards  erected  near  Charleston,  in  southeast 
Missouri,  Avhere  it  was  intended  to  test  tlie  conunereial  value  of  the  process,  and 
a  number  of  large  logs,  mostl.N  sweet  gum,  were  impregnated.  But  as  this  kind 
of  timbtT  contains  a  gn  at  deal  of  sapwood,  and  as  most  of  the  largci  logs  show 
incipient  decay  at  the  center,  the  results  were  not  nearly  as  favorable  as  those 
which  had  been  attained  by  the  iirevious  experiments  with  logs  cut  from  othei  kinds 
of  timber  and  smaller  <liameter,  sound  an<l  of  unilbrm  texture. 

The  experiments  were  interrupted  by  the  illness  of  my  son,  who  had  charge  of  the 
work,  and  a  .season  of  high  water.  wlii(  h  kept  the  gronn<l  at  the  works  and  for  miles 
around,  snbmerged  for  several  months,  induced  uw.  to  discontinue  tin;  exix-riment 
altogether. 

lJut  I  believe  that  under  proi)er  condition  the  method  Just  described  will  cau.se  a 
more  thorough  impregnation  of  wood  than  can  be  secured  by  any  other,  without  the 
necessity  of  an  expensive  plant  and  without  injury  to  the  strength  of  the  timber. 

I  believe,  also,  that  it  might  be  used  to  good  advantage  in  works  where  now  steep- 
ing alone  is  relied  upon,  with  a  view  of  expediting  the  inocess  and  of  imi)regnating 
the  timber  not  only  near  the  surface,  but  also  deeper.  The  timber,  when  submerged 
in  the  aiitis<-])tic  solution,  might  be  fitted  at  one  end  with  a  metal  cap,  as  heretofore 
described,  and  the  llnid  sucked  through  the  timber  by  exhausting  the  air  and  liiiuid 
from  th<;  cap.  Sijuarc  timber,  even  if  of  large  dimensions,  might  thus  be  treated, 
the  metal  ring  in  that  ca.se  being  made  of  the  same  form  as  the  section  of  the  timb(!r, 
and  in  dimension  one-half  or  1  inch  smaller  than  that  section.  To  eflect  complete 
saturation  the  (ibers  of  the  wood  would  have  to  be  straight  and  parallel  to  the 
sides  of  the  timber,  but  by  applying  the  i)rocess  to  both  ends  a  thorough  impreg- 
nation of  the  inner  portion  of  the  timber  Avould,  in  most  cases,  be  obtnined.  while 
the  ]iarts  near  the  surface  would  bo  impregnated  by  steeping. 

In  describing  at  such  length  two  jtrficesses  which  arc  not  used  1  have  been  inllu- 
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ciictMl  I)V  the  foiisitlcrat inn  that,  whilf  lu  ithtT  oi  tht-iii  can  ever  find  general  ajipli- 
cation,  there  ai«-  iiudMuhtt'dly  hx  ations  and  circnnistances  in  which  presci  s  atinn  !)> 
a  process  rtM|iiiiinu  hut  slight  oiiihiN  loi  phint  is  the  <)nl>  (Uic  Icasihlc;  and.  xi  lar 
as  I  am  awar*'.  a  lull  description  of  these  processes  lias  ne\er  been  linnislied  in  ;in\ 
nf  the  American  imhlications  treating  on  the  siil)ie(  t  of  the  pi  <sei  \  a  i  ion  of  liniln  r. 

(.">)  SIcaniittii.  —  W'luMi  fresh  tindier  is  phu  ed  m  a  closed  vessel  and  >teani  ad'iiilli  d 
into  the  hitter,  the  lii>t  olVeet  will  l)e  to  expel  the  air.  a  tap  provided  fm  lhat  pur- 
pose he  in  lel't  open.  When  the  air  has  lieen  dri\('n  out  This  l:ip  is  i  lo-ed.  ;in(l, 
nH)re  hot  steam  IteiuLi  adudlted,  the  temperatur(>  of  tiic  tindx  r  and  of  the  s,ip  eoii- 
taiin  d  t  herein  rises  i^r.-idually.  W  hen  t  he  temperature  i n  any  pa rl  o f  t  lie  I  imher  rise.s 
to  1(>7  1"..  t  he  alhninen  w  hieli  i^  ot  nerally  eonsi(h'r(!d  the  in,nre(lient  in  I  he  sap  nnist 
favorahle  to  decay  l)ee()mes  sidid.  Ihe  air  e\pan(Ls  and  a  port  ion  of  it  leaves  the  cells. 
The  water  contained  in  the  cells  is  ^radmilly  transformed  into  steam,  and  the  water  of 
condensati(Mi.  tou;ether  with  a  ,<;reat  portion  of  the  extractive  iu.<;iedi<'nts  of  the  sap, 
is  driven  from  the  wood  ami  collects  at  the  hottom  of  the  hoiler,  whence  it  is  from 
tinu'  to  tinu'  drawn  olf  hy  a  tap.  The  steam  admitted  should  not  Lave  a  ])ressnre 
lireater  than  ahout  '20  ponmls  ( corresj)ondin<j;  to  a  temj»eratnre  of  ahont  2(50-^  F.).' 

To  coagulate  all  the  allmiuen  if  is,  of  course,  necessary  that  every  part  of  the 
t imhiM- should  he  heated;  hut  heat  enters  rather  gradually  aud  slowly  from  the  snr- 
fjiee  to  the  interior.  Experiments  made  by  introdncin<>"  Hose's  metal  into  holes 
bored  into  the  timber  from  the  surface  which  afterwards  were  plugged,  showed 
tlnit  after  three  hours'  steaming,  the  heat  i-e(|uired  for  coagulating  albumen  had 
])enetrated  only  to  a  depth  of  3  to  4  inches.  It  is  evident,  therefore,  that  if  all  the 
albumen  in  the  wood  is  to  be  coagulated  the  time  during  which  the  timber  is  steamed 
nnist  be  regulated  according  to  its  dimensions. 

With  timbers  of  considerable  length  and  of  large  cross  section,  it  may  be  neces- 
sary to  continm,'  the  process  for  six  and  eight  hours  or  more,  lint  such  long-continued 
steaming  will  soften  the  libers,  wcsaken  their  coherence,  and  reduce  the  strength  of 
the  timber.  ICxperiments  made  in  Ham)ver  show  that  the  ultimate  strength  of  l)ur- 
netti/.ed  wood  was  reduced  by  one-lbnrth  to  one-tenth,  aud  its  elastic  limit  by 
one-seventh.  Some  jiart  of  this  reduction  was  probably  due  to  the  action  of  the 
antiseptic  used — (diloriihj  of  zinc ;  but  there  can  be  little  doubt  that  it  was  also  partly 
due  to  the  steaming. 

Steaming  has  some  other  unfavorable  features.  A  portion  of  the  albumen,  although 
coagulated,  remains  behind  and  partially  stops  up  the  cells,  hinders  the  free  circu- 
lation of  steam  and  sap,  and  ultimately  the  entrance  of  the  antiseptic  solution.  The 
])rocess,  moreover,  does  m)f  fully  remove  the  viscid  ingredients  of  the  sap,  which, 
next  to  albumen,  are  most  favorable  to  decay,  while  it  deprives  the  wood  complettdy 
of  th(i  essential  oils  and  of  tannic  acid,  wliich  are,  to  some,  extent  preventives  of  decay ; 
and,  linally,  unless  the  process  be  followed  by  some  jirocess  of  drying,  as  by  sujku"- 
heated  steam,  and  by  api)licafion  of  the  vacuum  jirocess  (which  will  be  described 
hereafter),  it  leaves  a  considerable  (juantity  of  water  of  condensation  in  the  wood, 
making  it  iin  a})able  of  im])regnatio!i  with  at  least  om^  of  the  best  antisei)tic  sub- 
stances (heavy  oil  of  tar),  and  hindering  complete  impregnation  with  other  i)re- 
servatives. 

That  a  considerable  (piautit  v  of  water  icniains  in  the  wood  after  sini))]e  steaming' 
was  proved  by  experiment,  when  it  was  fouml  that  of  the  water  introduced  into  the 
vessel  in  the  form  of  steam  only  two-lifths  to  fonr-lifths  were  removed  from  the  hcdlei 
as  water  of  condensation,  so  that  from  one-lifth  to  three-lifths  remained  in  the  wood. 

'It  would  probably  be  ev<;n  bfitter  to  restrict  the  tcm))erature  of  the  steam  to 
LMO  ,  or  10  ])ounds  ])ressnre,  to  ]irevent  injurious  effects  to  the  strength  of  the  wood 
where  l>ndg<'  tiiidters  are  to  l)e  ])i«'servcd,  altliouLili  the  process  would  take  more 
time. 
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(4)  J/<(' «v(C///n«  ji/  ot'ess. —In  1838  Burnett  patented  a  method  of  prepariui?  timber 
for  receiving  tlie  preserving  tinid,  by  placing  the  timber  in  a  closed  vessel  and  then 
using  an  air  pump  for  removing  the  air  and  vapor  from  the  cells  of  the  wood.  He 
next  lilled  the  vessel  with  the  antiseptic  fluid,  and  ajjplied  a  jiressure  as  high  as  150 
pounds  per  square  iuch,  by  compressing  the  air  above  the  solution.  From  the  use 
of  compressed  air  his  was  named  the  pneumatic  process,  and  it  retained  that  name 
even  after  the  use  of  compressed  air  had  been  abnndoned,  and  the  pressure  was 
directly  produced  by  pumjis. 

This  ]>rocess,  preceded  by  steaming  and  vaeuum,  is  the  one  now  almost  univer- 
sally used. 

The  timber  to  be  treated  is  i)laced  on  cars,  whicli  are  then  ])ushcd  into  a  boiler, 
6  to  8  feet  in  diameter,  and  fronl  60  to  110  feetiong,  of  sufficient  strength  to  safely 
bear  an  internal  jiressure  of  150  pounds,  and  a  colhipsing  pressure  of  12  or  15  pouiuls. 
The  boiler  is  then  closed,  and  steam  admitted  under  a  pressure  of  10  or  20  pounds. 
Steaming  is  kept  up,  as  heretofore  stated,  for  from  three  to  eight  hours,  and  is  fol- 
lowed by  exhausting  the  air  and  vapor  still  contained  in  the  wood  for  from  one  to 
three  hours,  until  tlie  vacuum  beconies  constant  on  the  stoppage  of  the  ](umps.  The 
anti>5eptic  solution  is  then  admitted  to  llie  boiler,  and  when  the  latter  is  lilled  with 
the  liquid,  force  juimps  ;irc  emidoyed  to  Ibrce  th»5  solution  into  the  cells  of  tlio  wood 
uuder  a  ])ressure  of  100  to  150  pounds.  Tlie  pressure  is  kept  up  until,  on  stoi)i)ag(» 
of  the  pumi)S,  it  reuuiins  nearly  constant;  say  from  ihra^  to  sixty  hours,  according 
to  (juality,  kin<l,  and  diuu'usi<uis  of  the  timbei-. 

The  cars  witli  tin'  timber  on  tlu-m  are  then  rnnoNi  d  from  llieltoiler  and  a  new 
charge  introduced. 

NoTK. — Many  seem  to  be  under  t  lie  impression  that  the  effect  of  the  \acuum  in 
<lrawing  out  the  sap  and  air  is  nulimitetl,  and  tlie  sauui  as  regards  the  pressure  in 
forcing  tlm  ])res<>rvati ve  into  autl  tlirough  the  wood.  We  have  uo  doubt  that  the 
\acnnni  and  jin'ssure  are  of  great  ln-nelit,  l)ut  to  what  extent  the  comi)lete  impreg- 
nation of  the  wood  is  aff»;c.ted  by  the  amount  ol'  all-  that  may  be  in  the  wood  cells 
remains  to  be  settled  by  furtlu'r  iuvestigat  i«ni.  and  mor(i  ])recise  inforuuition  would 
be  useful.  In  grtM'u  and  rafted  timber  the  sa[)  is  in  a  more  or  less  ]i<iuid  form,  and 
the  log  may  tlnis  be  so  full  of  moisture  as  to  ccuitain  a  niinimnm  amount  of  air,  and 
steaming  can  be  of  beuelit  only  by  making  the  sap  more  lluid,  the  nu)isture  of  the 
steam  being  of  no  advantage.  The  heat  also  expands  what  air  there  is  in  the  wood 
and  thus  <lrives  «»ut  some  of  the  moisture.  With  such  timber  it  probably  would  be 
better  to  apply  dry  heat  rather  than  by  direct  steaming,  and  thus  add  heat  without 
extra  moisture,  for  if  w»!  get  a  stick  of  timlnir  thoroughly  water  soaked,  tha  w  ood 
cells  are  full  of  water  and  there  is  no  jdace  into  which  to  force  the  i)reserviug 
lluid.  —  II.  (  . 

A\ii>i  ri  i<     I  ^1  i»  IN  MM.  i'i:i;>i:i:\  A  I  K >N  ov  wood. 

Out  of  the  great  number  of  substan<;es  which,  during  the  last  sixty  years,  have 
been  proposed  for  preserving  wood  from  decay,  or  rather  for  ])rolonging  the  period 
of  its  usefulness,  only  four  have  stood  the  test  ap]>lied,  and  ar(^  now  employed  for 
that  i)uri>ose. 

1st.  Heavy  oil  of  tar  (creosote  oil,  dead  oil). 

2d.  Bichloride  of  mercury  (corrosive  sublimate). 

3d.  Chloride  of  zinc. 

Itli.  Sulphate  of  copper. 

In  additiou  to  these  some  substances  are  employed  for  preventing  the  gradual 
removal  of  these  antiseptics  from  the  wood  by  cx])Osure  to  atmospheric  inlluences, 
such  as  chloride  of  tannin,  glue,  tannin,  aud  sulphate  of  lime. 

(1)  Heavy  oil  of  i ay. — The  heavy  oil  of  tar  is  the  i)roduct  of  the  distillation  of 
coal  tar  between  the  temperatures  of  480   aud  760^  F. 
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It  <x»'iu»rall\  <'(Mit:iiiis  iVmii  .".  \n-y  criit  to  !!•  prr  (flit  i>r  rrt'sylic  .icid.  t  lit-  rniin  i  ikKt 
(•(>M«ist  iii;^  of  1h':i\  y  oil  ami  iiajili  I  lia  line  in  \  ai  \  i  ii'j,  iii(t|i()ii  ions.  An  anal  vsi'^  ot'  t  lie 
oil,  as  impDiti'd  iVoiii  I'lmlaiul  ami  iisimI  at  the  wurks  at  Sli(l(>ll.  l.a..  ;j;a\»^  K.?.")  \wx 
(  Tilt  of  cai  lxtlir  ami  (•r«'sylif  acid,  rj.r)()  pci-  tent  of  naplit  lialiiir.  and  77.7.")  jxt  r»M>t 
of  Iit'a\  y  oil. 

.\t  »;.">  1'.  it  wcii^lis  alniiil  II  ]ti.Mn(ls  pci-  gallon,  and  lioil.s  at  a  I  .in  j  m  ra  I  n  i  c  of 
L''"..'.  .  l!  ha^  ureal  anli>c|»lii'  i|nalilics.  and  Itrini;-  insolnldc  in  watci'.  lias  the 
ad  \  a  n  t  ,1  l;c  o  \  tT  all  other  -^n  I  >>t  a  ii  ces  ii.sed  for  the  |»reser  \  a  I  ion  of  w  ood .  in  that,  when 
applied  in  luoper  manner,  it  forms  a  coatinu  to  the  w  ood>  liher.  uhi<  h  |ire\ciitH 
w  .Iter  .ami  air  iVoin  eomiiiL:  in  eon  t  act  with  it .  i'.eini;-  insolnldc  in  w  atii,  ii  can  not  he 
riino\e(l  hy  iiiiiiieision  in  watei".  It  is.  mor(M)\er.  the  only  sii  list  a  nee  wliiih  will 
pel  niaiieiit  l\  proleet  I  i  m  I  le  r  a  Lia  i  11  s  I  (lestrmtion  hy  the  Dntlo  mi  rn  lis  ;\]\(]  other  p.ir- 
.i^ite-. 

Imi»i'eL:,ii.it  ion  w  it  h  hea\  y  oil  of  tar.  oi-  eicosot  in^.  as  it  is  somet  inu'^  called  (  from 
the  fact  th.il  creo->ote  was  considen-d  the  active  |)res«irvati ve  |»rinciple).  was 
patented  in  laiulaiid  hy  liethcll.  in  1S;;S. 

file  iiietliod  of  (reatiiieiit  pid|iose(l  hy  him  was  to  remove  tin;  air  from  the  wood, 
to  lieat  ihe  oil  to  ahoiit  120  I'.,  and  to  inJcM^t  it  into  tho  Avood  by  pressure.  To 
admii  of  jiroper  i iii prei;iiat  ion.  tlie  wood  sliould  be  freed  from  water  so  far  as  possi- 
ble. In  I'.nulaml.  air di  ied  w  ood  is  readily  procured,  wliich,  bein<>- i)laced  in  acl()scd 
\  i-^^el  in  which  ,i  \  aeunm  li.is  been  established,  can  bo  easily  prepared  for  tlu)  rece))- 
t  ion  (d  t  lie  oi  I.  In  1  h  is  country,  where  tlio  wood  generally  has  to  bo  inij»regnated 
soon  altei-  it  has  been  cut,  and  where  6teaniiu<jj  has  to  be  resorted  to  for  driving  out 
the  sap,  special  nutans  must  be  adopted  to  remove  tho  water  of  condensation  from 
the  wood,  after  steaminu.  if  tlu»  ti-eatincnt  is  to  be  successful. 

As  to  the  (|nant  it  \  of  oil  rei|iiired  to  ])re8erve  the  wood,  it  may  be  said  that  the 
Useful  elfeet  of  the  i  111  ]  i  re  n  a  I  i  oi  i  is  pro])ortional  to  tlie  (juantity  of  oil  inject(;d  into 
a  ui  veil  \  (dniiie  of  wood.  I  fall  t  he  Noid  spaces  in  th(^  wood  could  be  filled,  it  would 
take  from  one-halt"  to  two-thirds  of  a  cubic  foot,  or  from  85  i)ounds  to  50  pounds  of 
the  oil  for  each  cubic  foot  of  timber.  The  i)ractical  limit  wouhl  probably  vary  from 
iT)  to  50  j)ounds  per  culde  foot,  according  to  the  kind  of  timl)er  used. 

lint  impregnation  to  su(  li  an  extent  would  l)e  altogether  too  expensive,  and  the 
(piantity  is  therefore  limited  to  what  has  proved  by  experience  to  be  adeciuate  for 
preservation  under  the  conditions  in  which  the  wood  is  to  be  used.  From  5  to  7 
jiounds  per  cubic  foot  is  at  present  considered  suflficicnt  for  railroad  ties;  about  10 
l)ounds  per  cubic  foot  for  bridge  timbers;  and  for  protecting  piles  used  in  marine 
structures,  from  18  to  20  pounds  per  cubic  foot  are  considered  necessary  according 
to  the  e\))erience  of  American  and  French  engineers,  while  English  engineers  con- 
sider !(•  pounds  per  cubic  foot  sufficient  protection  for  timber  and  ])iles  in  marine 
works. 

The  A  aluo  of  creosoting  as  a  preservative  against  decay  is  shown  by  long  experi- 
ence. Tn  England  it  is  almost  universally  used  for  pnsserving  railroad  ties.  C'reo- 
soted  ties  have  l)ecn  found  ])crfectly  sound  after  they  had  been  in  the  ground  for 
twenty-two  years.  In  1  his  country,  creosoting  was  (Irst  ai)i)licd  in  1865  by  Hinckley, 
on  tin'  Old  ('olon\-  h'ailroad,  for  the  ])roscrvation  of  piles;  but  <he  ti(>atment  was 
very  iinperfeci.  ;is  tlie  oil  did  not  pcnetiate  to  a  depth  oi'  more  than  one-(|iiarfer  to  ' 
one-half  an  inch  below  the  surl'aee.  TIk;  piles  were  also  trimmed  and  cut  after 
treatment,  thenjby  ex])08ing  untreated  surfaces. 

V<'t  in  1S7S,  when  these  piles  were  examined,  200  of  them  were  still  found  staml- 
ing,  althou<;h  not  in  a  sound  condition.  Some  l  a  i  1  load  t  ies  (  hemlock),  wliich  had 
been  creosoted  and  placed  in  the  lra<  k  at  tiie  s.ime  time,  were  found  to  be  ])erf(!ctly 
sound. 

Creosoted  cyi)re.ss  ties,  which  had  l>een  laid  in  the  track  of  tlu;  Central  K'ailroad 
of  New  .Jersey  in  IHTf),  <mi  an  examination  made  in  ISSS  by  L.  L.  liuck,  were  reported 
to  be  sound,  not  miudi  woin,  and  in  all  pi-oliabilily  good  for  ten  or  twel\  e  years' 
longer  service. 
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In  1885,  Mr.  J.  W.  Putuam  examined  creosoted  piles  and  bi  idne  tiinlxTs,  wliicli  had 
been  iu  nse  on  the  line  of  the  New  Orleans  and  Mobile  liailroad  for  nine  year.s,  and 
fonnd  them  all  sound;  the  piles  had  successfully  resisted  the  attacks  of  the  Teredo. 

Some  failures  are  reported  in  this  country,  but  in  every  instance  they  can  be 
shown  to  have  resulted  from  imperfect  treatment. 

Creosoting  works  are  established  at  Boston,  New  York,  Pascagoula,  jNIiss.,  Slidell, 
La.,  and  Bayou  Bonfauca,  on  the  New  Orleans  and  Northeastern  Railroad. 

Creosoting  is  undoubtedly  the  most  eftective  means  of  ])reserving  wood,  and  the 
only  obstacle  to  its  universal  introduction  consists  iu  its  being  more  expensive  than 
any  of  the  other  systems  of  preservation. 

(2)  Bichloride  of  mercurij. — The  use  of  bichloride  of  mercury  (corrosive  sublimate) 
for  the  preservation  of  wood  was  patented  and  introduced  in  England  by  John 
Howard  Kyan  iu  1833,  and  was  soon  very  extensively  ai)plied.  It  coagulates  albu- 
men, and  is  the  strongest  antiseptic  among  metal  salts;  it  is  also  very  poisonous. 
Its  solution  attacks  iron,  conseiiuently  tanks,  punii)S,  tools,  pipes,  etc.,  for  holding- 
it  must  consist  of  wood  or  iudia  rubber,  or  must  bo  coated  with  coal  tar.  It  is 
soluljle  iu  watei.  and  by  using  hot  water  a  solution  can  be  obtained  of  1  part  of 
bichloride  of  mercury  and  parts  of  water.  \Vhen  it  is  to  be  used  for  the  impregna- 
tion of  tinilier  the  concentrated  solution  is  diluted  with  the  addition  of  water.  The 
strength  of  tiie  solutions  used  in  impregnation  has  differed  greatly.  On  the  r)Ost()U 
railroads,  where  this  antise])tic  has  been  largely  used  for  the  preservation  of  railroad 
ties  and  sleepers,  the  .strength  of  the  solution  was  1  part  of  bichloride  of  mercury 
to  ir)0  i)arts  of  water,  and  the  (|nantity  absorbed  by  100  cubic  feet  of  dry  pine  wood, 
iu  the  form  of  ties,  was  finiii<l  to  lie  (>.(>  i>ounds;  by  100  cul)ic  feet  of  oak,  5.5  pounds; 
and    jKuiiids  by  1<!0  feet  of  pine  moderately  <li  >'.  containing  a  large  amount  of  resin. 

rill'  a\  cra^e  dm  atioii  of  ties  has  breii  loiiiid  to  be  as  I'ol  lo  ws :  Oak,  not  inil)r«^g- 
nated,  lasted  on  the  average  Ibnrteen  years.  Oak,  <  reosoted,  lasted  eighteen  years. 
Beech,  creosoted,  lasted  eight  to  ten  years,  spi  luc,  creosoted,  lasted  twelve  ycuirs. — 
\\.  v..  V. 

Ou  the  Kasteni  railroads  t  he  .st  leugt  h  of  llie  s(dutioii  at  lirst  was  1  in  210  jtarts, 
and  at  present  a  solution  of  I  in  !ll>  is  u8e<l.  The.  limber  is  said  to  absorb  about  2.(5 
])ounds  ]ier  cubic;  foot,  while  Mr.  .1.  B.  I'rancis  statcjs  tliat  in  the  Lowell  works  the 
wood  is  found  to  absorb  about  0  ]K)unds  r)f  sublimate  i)er  100  cubic  feet.  In  l">nglaiid 
sf)lutions  have  sometimes  been  used  containing  1  pound  in  46,  l)tit  without  S(;cnriug 
as  good  absorption  as  was  obtained  with  weaker  solutions,  since  only  2.2  pounds 
per  100  cubi<-  feet  were  attained,  it  being  probable  that  some  of  the  sublimate  was 
precipitated  iu  the  jjores  near  the  surface,  stopping  tlu!m  siilliciently  to  partly  pre- 
vent the  entrance  of  the  solution  to  the  inside  of  the  wood. 

The  impregnation  of  wood  with  corrosive  sublimate;  has  always  been  carried  on  by 
steeidng.  In  (Jermany  wooden  tanks,  from  20  to  35  feet  long  and  from  \  to  5  feet  in 
height,  are  used.  The  rule  observed  as  to  the  length  of  time  of  immersion  has  b<!en 
to  leave  ordinary  railroad  ties  ten  days  iu  the  tanks,  lumber  live;  <lay8,  bridge  timberH 
filteen  days.  In  some  works  the  rule  is  to  steep  pine  ties  for  eight  days,  and  oak 
ties  for  fourteen  <lays. 

At  Lowell,  Mass.,  where  tliis  ]irocess  was  introduced  by  .James  15.  Francis,  C.  1''.,  in 
18IX,  and  has  l)een  carried  on  (with  an  iuterrii]»tion  of  twelve  years,  1850  to  18G2)  up 
to  this  time,  the  steeping  is  performed  in  wooden  tanks  50  feet  long,  7i  feet  wid»% 


NoTK. — In  France  all  ties  are  impregnated,  preferably  with  creosote,  the  cost  per 

tie>  being  as  follows: 


Iviucl  of  wood. 

Cost  of  tie. 

Cost  of. 
creosoting. 

Total  cost. 

20  to  40  cents. 
40  to  43  cents. 
15  to  20  cents. 

.$1.20  t()$1.:t5 
1.07  to  1.20 
.  50  to     .  58 

.  07  to     .  77 
.  3.5  to     .  40 

laCllLORiyE   OF   MKK'CIRV  I'liOCESS. 


267 


;uh1  I  It'ct  (let p.  I'lic  iiil<-  down  1>\  Mr.  I'r.imis  for  th-  «liii;ilioii  of  st  f(')»i  ii^^  is, 
tliak  t  lie  t  iiiiln-r  slioiilil  l>.  Iscjii  iiiiiiicr.sid  ;i  Iciiutli  of  liiiu)  (lf|ii'ii(  1 1  iiu  oii  ils  liMst 
thifkiifss.  oiii-  (lay  ln-ini;  allow  cil  I'oi  catli  iiitli  iii  t  li  iicss.  and  one  da\  in  a<lditi(»u, 
\vlia(c\  tr  the  t  liiclv  ncs--.  Tli  i--  ma  I  lir  time  oT  ininui>ion  lor  a  (i  i  ncdi  I  i  ni  1 1<  i  sc\  en 
(lays.  A  I  the  w  {)rk-^  of  t  he  ['.astern  K';iilw,i\  at  I 'oil  siiion  I  li ,  Mc.  tanks  Icct  liy  Dl 
Iri't  \vid>c,  and  t!  iVt  t  dft  p,  Iniilt  ol'  Lilanilc  laid  in  ccnM  nl.  arc  nscd.  The  inside  of 
tht'sc  tanks  i>  (•o.ilcd  w  ill)  co.i  1  t  a  r,  a  piil  ird  hot.  'lies  (I  i  ncdns  t  li  iik .  acmi  d  i  n  u  t  o 
II.  lUs.M-ll.  M.  M.  \N  ..  I'.astorn  K'ail  w  a\  .  rciinirr  onr  w  ccds  ;  iL'-indi  ( inilicr,  t  wo  w  «ci<s. 
Tlu' tiinr  of  in.nnrsion  is.  t  ht'ift'oic,  nca  rly  t  he  same  a  I  all  woiks.  TIic  di  ficrcncc  in 
(he  (plant  ity  ol'  siildimate  absorbed  (L'.d  ijoniids  jxT  KM)  cubic  led  at  I'ortsinontli, 
against  H  ])oMn(ks  jtcr  100  t  iibic  feet  at  Lowell  and  in  (ioiinany)  coMid  bo  dno  ))rob- 
ably  only  to  the  fact  that  the  t inibei^treated  at  PortsnioiiMi  was  not  air  driid. 

l?i(diloride  of  nnMcnix  Ix  inu  "i  \'ery  active  poison,  groat  care  in  hainllini;  it  is 
]>lainl>  indicated.  In  IJadeii  it  was  considered  necessary  to  take  extra  precaution 
a<j:ainst  the  jioisoninu  of  the  worknieii.  and  some  prejudice  was  croaled  against  this 
mode  of  ]>reservation  on  tliis  acconiit;  but  tbo  experience  in  this  country  on  this 
])oint  is  somewhat  rea^^Ill■ill^.  Mr.  Francis  states  that,  in  an  experience  in  Icyaui/.in;;-, 
•'xtendinii  o\ci  inoic  than  thirty  years,  lie  lias  known  no  case  where  tbo  men  operat- 
ing; with  it  ha\  (•  lieeii  made  ill.  Ho  says  that  men  workin«>-  over  the  tank  in  which 
the  corrosive  sublimate  was  bcini>  dissolved  in  hot  water  sometimes  complained,  but 
that  be  never  knew  any  man  to  be  seriously  afVected.  Ho  mentions,  however,  that 
ill  kyanized  timber  an  etHorescence  of  the  sublimate  bas  sometimes  been  observed, 
which  mii;ht  be  iiijiirioiis  to  cattle,  if  licked  ott"  from  timber  to  which  they  have 
access.  This  iiiiiibt  be  ])revented  to  some  extent  if  the  pre(;aution  used  in  Germany 
adojitcd — of  washing  with  hot  wafer  the  surface  of  the  timber  when  treated,  and 
Itefore  bein<;  exposed.  Mr.  Bissell  corroborates  the  statements  of  Mr.  Francis.  He 
states  that  the  man  in  char<?e  of  preparing  the  solution  has,  in  a  few  instances,  been 
nauseated  for  a  short  time  by  inhaling  vapor  arising  from  the  solution  ;  but  that  he 
believes  this  would  have  been  prevented  by  a  little  more  carefulness,  and  that  the 
men  handling  the  timber  never  sulfered  any  injury,  although  fre(iuoiitly  careless. 

The  testing  of  a  S(dntion  of  the  sublimate,  as  to  its  strength,  can  readily  and  accu- 
rately be  ])erfoniied.  A  graduated  test  tube  being  tilled  "with  it,  a  solution  of  iodide 
of  ])otassa  is  added,  which  jjrecipitates  the  oxide  of  nu.'rcury  as  a  red  powder;  which 
by  the  further  addition  of  the  solution  of  iodide  of  potassa  is  again  dissolved,  so  as 
to  leave  a  clear  liijuid.  The  change  in  color  can  bo  accurately  observed,  and  the 
numbers  on  the  graduated  test  tube  can  bo  so  arranged  that  the  man  in  charge  can 
read  oil  the  weight  of  bi(  hloride  of  mercury  to  be  added  to  Ijring  the  solution  to  its 
proper  strength. 

There  is  anii)l(;  testimony  as  to  the  elticiency  of  bichloride  oldnereiiry  as  a  pieserva- 
•  five  of  wood.  The  railroad  ties  of  the  liaden  Railroad,  im])rognatod  with  it,  lasted 
from  twenty  to  thirty  years.  Mr.  I'rancis  states  that  in  1S50  he  ])ut  up  a  fence  of 
kyanized  sjiruce  lumber,  w  hic  li  is  still  perfect,  not  a  single  piece  having  been 
removed  during  tln^  thirty-liv(;  years,  and  only  ])art  of  llu^  wood  which  was  under 
ground  having  decayed.  Tbo  I'awtucket  street  l)ridge,  built  in  isi!)  of  northern 
white  pine  (kyani/.ed),  did  n<»t  re(iiiire  any  repair  until  in  1SS2,  a  jx  riod  of  thirty- 
three  years.  Kyanized  timlu'rs  were  used  in  nine  sjians  of  the  Burr  truss  bridge,  at 
(Jeoi-g(;town,  ^vhi(dl  stood  from  ISIO  to  1S()2.  and  failed,  not  from  the  decay  of  its 
timbers,  but  from  bad  construction.  The  i)la(d<stone  River  l)ridiic,  on  the  New  Vor]< 
and  New  England  R'ailroad,  a  Pratt  truss  bnilt  ol'  ivyani/ed  tiintx  r  in  islS,  when 
taken  down  in  P^7(>,  after  t  w  «'nty-eiglil  years"  serv  ice,  w  as  fonnd  bnf  sliLihl  ly  deca.N cd. 
Two  bridges  on  the  I'liiladdphia  and  b'eadiiiL:  K'ailroad.  Ituilt  in  is.M)  of  kyaiii/ed 
timber,  j)roved  sound  after  twenty  >«  ars. 

The  experience  iu  this  connti  y  as  to  k\  anized  t  ies  is  not  as  fa  voi-aldc  as  in  l?aden. 
This  may  be  due  to  two  causes.  On  the  fJadeii  b'.ailw.iy  the  lies  and  all  other  tim- 
bers are  air  dried  during  two  or  three  weeks  after  imi»regnatioii,  and  itefore  being 


PRESERVATION   OF  ^YOODEN  TIES. 


laid,  Avhich  precaution  is  probably  not  observed  in  this  conntry ;  and  the  road  1)ed 
in  which  the  ties  of  the  leaden  Railway  were  laid  consisted  of  a  very  dry  gravel, 
which  allowed  all  rain  water  to  rnn  off  at  once.  But  even  on  other  German  roads 
the  success  of  kyanizing  has  been  remarkable,  and  the  failures  whicli  are  recorded 
were  due  in  many  cases  to  imperfect  impregnation. 

Still,  from  the  exi)eriments  of  Mr.  Francis,  it  seems  to  be  C(>rtain  that  Kyanizing 
will  give  better  results  when  the  timber  is  exposed  to  air  than  when  placed  under 
ground.  This  results  very  likely  from  the  sublimate  being  gradually  dissolved  and 
washed  out.  It  might  1)6  prevented,  probably,  by  first  drying  the  treated  timber 
and  then  giving  it  a  coating  of  dead  oil,  on  the  ends  at  least. 

(.S)  Chloride  of  zhic. — The  use  of  chJoride  of  zinc  for  the  preservatio  nof  timber 
was  patented  by  Burnett,  in  England,  in  the  year  183S. 

Chloride  of  zinc  is  prepared  l>y  dissolving  metallic  zinc  in  hydrochloric  acid.  In 
its  nu)st  concentrated  lorm  it  contains  82  per  cent  of  zinc,  but  generally  only  25  per 
cent.  The  specific  gravity  of  a  solution  of  this  strength  is  about  l.fi.  It  is  some- 
times made  from  zinc  skimmings,  and  is  then  liable  to  contain  free  hydrochloric  acid 
and  chloride  of  iron.  The  first,  like  nearly  all  free  acids,  reduces  tlu)  strength  of  the 
timber,  while  the  second  reduces  the  value  of  the  solution  as  an  antiseptic. 

Chloride  of  zinc  has  the  greatest  afiinity  for  wood  fiber,  and  is  hygroscopic,  both 
being  qualities  which  increase  its  value  as  a  preservative.  It  is  also  a  very  strong 
antiseptic.  Burnett  at  tirst  recommended  to  use  a  scdution  of  1  part  (by  volinne)  of 
concentrated  chloride  of  zinc  to  59  parts  (by  volume)  of  water.  In  Germany  stronger 
solutions  were  frequently  use<l,  1  in  30, 1  in  24,  and  in  one  case  even  1  in  14  parts. 
Bnt  it  was  found,  as  in  the  case  of  corrosive  subliniate,  that  by  using  these  8tr<uigcr 
solutions  the  quantity  of  zinc  absorbed  l)y  the  wood  was  not  ]>r()])ortionally 
increased,  because  such  solutions  would  not  so  readily  enter  the  cells,  and  that  some 
portions  of  the  timlx'r  received  .in  excessive  amoujit  of  the  zinc  chloride,  while 
othi'Ts  received  little  or  none.  The  presence  of  an  excess  of  chloride  of  zinc,  more- 
over, seems  to  injure  the  liber,  causing  brittleness  in  the  wood,  and  to  ]»revent  these 
con8equeu<-e8  the  strength  of  the  solutions  on  (ierman  railways  has  been  reduced  to 
1  in  no,  or  1  in  tX). 

In  this  country  solutions  of  2  in  lOo  and  :>  in  100  were  used  at  lirst  (Krie  Raihvay 
Company).  On  the  Phil;idcl])liia  and  Western  K'ailroad  the  solution  used  contained 
5  or  G  in  100;  <u»  the  Philadelphia  and  Reading  Railroad,  '^^  in  100;  on  the  Havre  do 
Grace  Bridge,  1.12  in  At  present  the  solutions  g(!nerally  used  have  a  strength 

of  1.9  or  2  in  100.  The  strength  of  solutions  is  generally  measured  by  tlu^  areometer; 
but  the  specific  gravity  of  the  solutions  of  zinc  chloride  changes  so  rapidly  under 
changes  of  temperature  that  errors  are  unavoidable,  unless  proper  corrections  for 
temperature  are  made. 

The  weight  of  concentrated  chloride  of  zinc,  which  Avas  absorbed  from  a  solution 
of  a  strength  of  1  in  60,  was  found  to  be  as  follows  on  the  railroads  of  Hanover, 
Germany : 

One  hundred  cul)ic  feet  of  oak  absorb  22  ]K»unds  of  concentrated  chloride  of  zinc. 

One  hundred  cubic  feet  of  beech  absorb  100  iiouiuls  of  concentrated  chloride  of  zinc. 

One  hundred  cubic  feet  of  si)ruce  absorb  ,50  pounds  of  concentrated  chloride  of  zinc. 

At  the  works  lately  built  at  Las  Vegas,  X.  Mex.,  with  a  solution  containing  1,5 
parts  of  concentrated  chloride  of  zinc  in  100  parts  (]>y  volume) — 

Hewn  ties  absorb  33  percent  of  solution  (by  volinne).  or  49  pounds  of  cf)ncentrated 
chloride  of  zinc  in  100  cubic  feet. 

Sawed  ties  absorb  17  per  cent  of  solution  (by  volume  j,  or  24  ])Ounds  of  concentrated 
chloride  of  zinc  in  100  cubic  feet. 

Piles  40  feet  long,  17  inches  at  the  butt.  12  to  14  per  cent,  or  10  pounds  of  concen- 
trated chloride  of  zinc  in  100  cubic  feet. 

With  a  solution  of  a  strength  of  2  in  100,  the  absorption  wonld  be  7.")  ])oiind8,  32 
pounds,  and  21  pounds  per  100  cubic  feet,  respectively. 
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'I'lir  cnii  ifiMV  <>r  the  ell  loridc  i>\'  /iiic  in  ]trcNcr\  iii^  wood       will  ;i  1 1  ist  cd . 

On  in;i(ls  in  I  l,i  ni>  \  cr  Itl'.l.tioo  t  iis  ,  i  luinct  I  i/fd  (i.ik  i  la>l  cil,  on  an  a  \  n  a  ^r.  I  It.  (I  y(!:ir8, 

(  )n  the  li'liini'  l.nitlcn  K'ailroad  lt!l,r>i:i  rinrnci  li/cd  lirtics  la-^l  id.  on  an  a\(?ra{j:e, 
L'L'.S  y.-ar-:  M,iK)0  l.frt  h  ti.  s.on  lln-  I  lano\ ci-  l.'ailroail.  laslcd.  on  an  a \ .  ra -r,  11  .H 
ycai-s;  wliilr,  w  Inii  IcII  n  n  I  i  i-a  t  c  I ,  i  Im"  a  \  <  ra  uc  dm  at  ion  (d'  oa  k  I  ic^  in  <  icinia  ny  Ih 
11  to  it;  \  l  ars  :  of  tir  i  ics.  7  to  S  \  c.irs,  and  of  Ixn  li  t  ics  L'    to  :;  \  cai  -s. 

.\s  to  tin'  success  of  I  lu•^  mode  (d'  itroscrvat  ion  on  t  his  conn  1 1  \  .  the  loHowin^^  (ael.s 
ma.N  l)e  ment  ioneil  :  ( )|"  L'.OOO  Uni  net  I  i/ed  lie--  Laid  on  I  he  ( 'liicatjo,  ]»()(  Is.  Island  and 
racilie  K'ailroad  in  1N('>()  i  pine.  taniaia(  ls.  and  (cdai.  and  the  <j;re;it(!st,  ]>ait  liend<)(d<), 
wluMi  i\aniined  in  issi  hy  M.  Alexander,  roadinasler,  7")  jx-r  eont  wore  still  I'onnd 
present  in  the  track,  ami  in  snt  h  eomlition  that  tlicy  lui^lit  do  ^ood  service  lor  two 
or  three  \  cars  longer. 

L.  L.  llnek  reports  that  in  INSL'  he  examined  a  lot  of  llnrnet  I  i/.ed  ties  laid  in  iSliG 
ami  1S(k*<.  eonsi>tinL:  nrm.iple.  l>ec(di,  ami  hemhxds.  and  inund  them,  with  lew  excep- 
tions, in  a  L:<»od  stale  ol  preservation,  an<l  nior(>  pa  il  icn  la  riy  the  li(MnI()(d<  lies,  lie 
('X])resses  (he  opinion  that,  altluMiiih  in  the  i^ronnd  for  sixteen  years,  they  would 
])rol)a1)l\  last  from  se\ en  to  eii;lit  years  longer. 

K.  M.  (  halVee,  president  of  the  Union  (liorse)  Railroad  at  Canibrid/^e,  Mass.,  states 
that  of  a  lot  of  r.nriietti/.ed  spruce  sleepers  laid  in  that  railroad,  many  were  fonnd 
in  uood  condition  a  Iter  twenty-ei<;lit  years' service. 

A  truss  bridge  (d"  eight  spans  hiiilt  for  the  Cliieago,  Rock  Island  and  I'aeilie  K'ail- 
road of  lUirnetti/ed  timber  in  ISOO  ^vas  still  in  fair  condition  in  1882. 

Where  Burnettizing  failed  it  Avas  due  to  impr()])er  treatment.  The  fact  alone  that 
2'J  out  of  48  German  railroad  compauies,  who  j)reserve  their  tics,  use  this  antiseptic 
might  be  accepted  as  a  proof  of  its  efficiency  as  a  preservative. 

(1)  Siiljyhaie  of  copper. — Sulphate  of  copper  (blue  vitriol)  had  long  been  known 
as  a  strong  antiseptic,  but  was  hrst  used  for  the  preservation  of  wood  by  l^oucherio 
in  the  year  1838.  When  used  for  this  ])urpose  it  should  be  free  from  deleterious 
adnuxtures,  among  which  the  most  common,  and  at  the  same  time  most  injurious  to 
wood,  is  suljthate  of  iron;  for  sulphate  of  iron  is  easily  decomposed,  and  the  free 
sulphuric  acid  resulting  therefrom  attacks  and  weakens  the  wood  liber. 

Th(!  solution  of  sulphate  of  coi>per  reeounuended  by  Boucherie  consisted  of  1  ])art 
(by  weight)  of  sulphate  of  copper  to  100  ])arts  (by  weight)  of  water. 

The  increase  of  timber  in  weight  by  impregnation  w  ith  sul])hate  of  copper  was 
fonnd  b.\"  lioucheri(?,  when  his  method  of  treatment  was  used,  to  be  as  follows  ])er 
100  culde  feet :  PilU',  1 10  ])ounds ;  oak.  115  })ouuds ;  hendock,  320  pounds ;  bee(  h,  ."ilO 
jtounds. 

]')Ut  this  increase  in  weight  does  not  express  the  weight  of  dry  sulphate  of  copper 
taken  u])  by  the  Avood,  nor  the  weight  of  the  diluted  solution  of  sulpha'to  of  copper 
aloorlied.  The  weight  of  dry  sulphate  of  copi)er  absorbed  by  beech  was  found  to 
be  32  ])onnds  in  100  enbic  feet  of  wood,  and  rliis  is  th<!  weight  of  dry  sulphate  of 
CO)  t  per  which  loo  cnhic  feet  of  1  his  kind  of  wood  is  reiinired  to  cont  a  in  (  1 . 1  poiiinls 
per  tic  of  \\.7i  (  nl)ic  feet;,  under  the  specilications  of  the  French  engiuetu's. 

W  hen  the  limn  herie  ])rocess  of  im])regnation  is  used,  the  weight  of  sul phatcs  of 
copper  rtMjuired  ])er  cubic  foot  may  be  set  down  at  40  pounds  per  100  cubic  feet,  to  , 
make  allowance  for  loss  in  autis('ptic  resulting  from  his  mode  of  treatment. 
Imjiregnatiou  with  solutions  of  sulphate  of  copj)er  has  been  carried  on  by  almost 
every  known  undhod  of  treatment,  vi/,  by  steeping,  by  tlu^  Houcdierie  process,  and  by 
vacuum  and  ])rcssure. 

One  disadvantage  in  the  use  ol'  this  ant ise|)tic  consists  iu  the  fact  that  ijoilers, 
pi])cs,  ])nmps,  and  tools  nscd  in  cari-ying  on  the  process  must  consist  of  copper, 

'  Houcherie  fonnd  that  in  t  wenty-tlirec  hours  3. OOO  liters  of  solntion  entered  into  a 
beech  loi;  L".  meters  long  and  averaging  O.U. meters  iu  diameter,  or  about  one-third  of 
its  total  volume. 
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because  contact  witli  iron  decomposes  the  sulphate  of  oopiter.  This,  of  course, 
hugely  increases  the  cost  of  the  necessary  plant. 

Another  respect  in  which  treatment  w'tli  sul])hate  of  copper  is  inferior  to  treat- 
ment with  chloride  of  zinc,  at  least  in  itreserviug  railroad  ties,  may  be  found  in  the 
fiict  that  when  ties  treated  with  sulphate  of  copper  are  placed  in  the  track  the  iron 
rails  and  spikes  coniinj;  into  contact  with  the  sulphate  of  copper  will  decouipose  the 
latter,  producing  free  sulphuric  acid,  which  attacks  the  iiber  and  injures  the  strength 
of  the  timber.  In  some  cases  the  endeavor  has  been  made  to  prevent  this  by  cover- 
ing the  ties,  where  they  touched  the  rails,  with  coal  tar,  and  by  using  galvanized 
spikes.  Sulphate  of  coi>per  is  less  hygroscopic  than  chloride  of  zinc,  and  ties  treated 
with  it  are  more  liable  to  crack. 

There  is  one  i>oint,  however,  in  which  it  is  superior  to  chloride  of  zinc,  and  which 
is  of  very  great  importance,  when  the  treatment  is  to  bo  effected  under  contract. 
While  it  is  ditiicult  to  <  ontiol  the  strength  of  a  solution  of  chloride  of  zinc  used  in 
impregnation,  or  to  lind  by  chemical  analysis  the  actual  quantity  of  zinc  contained 
in  the  timber  after  impregnation,  both  of  these  operations  can  be  performed  with 
great  accuracy,  and  without  much  expenditure  of  time  or  money,  when  sulphate  of 
copper  is  used.  There  can  be  less  cheating,  and  therefore  the  success  of  the  treat- 
ment as  a  means  of  j)reservati«Mi  is  more  fully  assured.  To  show  the  ellicieucy  of  the 
sulphate  of  co])per  in  prolonging  the  life  of  wood,  it  may  be  stated  that,  according 
to  (it  iinan  ex])eriuu'iits,  >i(),(MH)  tir  ties  which  had  been  merely  steojjed  in  a  solution 
of  sulpliato  of  copper  lasted  on  an  average  thirteen  and  nine-tenth  years;  that 
!^<),000  ti»*s  oi'  the  same  kind  of  timber,  which  had  been  boiled  in  a  solution  of  tiiis 
saiut!  antiseptic,  and  lai«l  on  the  lierlin.  I'otsdam  and  Magdeburg  Railroad,  lasted  on 
;in  average  fourteen  years;  and  that  111. (M)0  lir  ties,  impregnatcct  with  sulphate  of 
copi>ei  und<  r  pressure,  averaged  sixteen  years  of  usefulness;  while  uuimpregnated 
tir  tu's  used  in  the  same  railroads  lasted  only  froui  seven  to  nine  years.  It  may, 
tlrerefore,  safely  be  assumed  that  the  durability  of  such  ties  would  be  doubhxl  by 
]»roi)er  treatment  with  sulphate  of  co]>))er. 

The  use  ot  suli>liatc  of  copjier  has  been  neai iy  .■iban«h)iied  in  I'rance,  but  is  still 
carried  on  by  some  of  the  (Jemian  railroads. 

In  this  country  it  h-M  been  used  only  in  conueciion  witli  the  Thilmany  process, 
which  will  hereafter  be  described.  One  obstacle  to  its  use  may  have  been  found  in 
the  f:ict  tliat  sulphate  of  co]»per  formerly  cost  much  more  than  chloride  of  zinc;  but 
the  i)rice  of  eop})er  has  declined  so  umeh  ol  late  tliat  tlie  (lillcrcnco  in  cost  has  been 
greatly  reduced. 

NoTK. — The  ontht  for  the  Bouchei  ie  i)rocess  is  light  and  inexpensive,  as  well  as 
that  for  Kyanizing,  consisting  of  tanks  in  which  to  mix  and  store  the  preserving 
liquid  and  troughs  to  receive  the  sajt;  or,  with  the  latter  process,  tanks  in  which  to 
soak  or  steep  the  timber.  The  Burnettizing  process  and  the  Hethell  process  must 
prepare  tlje  wood  by  steaming,  etc.,  and  re(|Uire  iron  cylinders,  a  steam  boiler,  and 
pumps,  lint  the  usual  form  can  be  moditied.  as  Col,  Flad  has  indicated,  by  using 
two  or  more  smaller  cylinders  with  boik'r  and  pumps,  all  attached  to  trucks  or 
arranged  to  be  easily  handled,  and  with  all  pipe  connections  so  arranged  as  to  be 
made  or  broken  readily. 

The  advantages  of  a  movable  plant  have  received  less  attention  and  have  been 
tested  less  than  they  deserve.  The  transportation  ot  timber  is,  of  course,  a  consider- 
able item  of  expen.se.  A  plant  of  moderate  size  could  be  taken  to  tlie  various  sources 
ot  supply  from  which  the  timber  comes  oi  to  the  most  economical  distributing  points, 
and  thus  the  cost  of  transportation,  in  one  direction  at  least,  would  often  be 
.saved ^ — II.  c. 

METHODS  AM)  SUB.STAXCE.S  I  SED  TO  I'.ETAIX  AXTISETTICS. 

The  heavy  oil  of  tar,  being  lusolublfc  in  water,  will  not  be  removed  from  timber 
which  has  been  impregnated  witii  it,  even  if  the  timber  is  permanently  submerged 
in  water.    But  the  metallic  salts  at  present  used  in  wood  preservation,  bichloride 
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of  iiKTcnry.  cliloridc  ()f  /inc,  and  siilplinlc  of  i  (»)>]iri .  Ix  in;^  iiijootfd  into  tin-  wood 
in  the  loliii  of  a<|  iiioiis  >it|  iit  ions,  arc,  of  ((»iiim-,  lialdc  to  Ik-  dissolved  aL^aiii  l)y 
iiKtisI  Mil'  and  lilt  iial!  V  to  lie  rciiio\cd  w  Inn  tlir  llif  tiinlicr  f\|io<i(l  lo  the  aclioii 
dl'  water.  r.\ iiermieii  I  s  iiiadt>  l»\  eheinist  ■>  seem  to  |iro\e  th.it  a  poilion.  a!  lea>t,  of 
tile  sulphate  ol  eoppef  and  of  eli  loiide  of  /I  lie  coin  hi  lies  w  it  li  the  ti  her  of  the  w  ood 
and  I  a  II  not  he  re  1 1  lo  \  cd  a  ^a  in  ;  l)n  i  all  that  has  not  heeu  li  \  ed  hy  siieli  (<  nil  i  d  na  1  i  oii 
may.  in  the  course  of  time,  he  rinmNcd  Irom  the  wood  when  peinia  mn  t !  \  immersed 
in  water.  Met  allii-  sal  t  s  should,  t  h.  ere  lore,  not^  lie  used  when  wimxI  is  e\|)osed  t  (t  t  he 
constant  act  ion  ol  W.iter,  and  it  waiiild  he  dcsirahlo  to  adopt  means  lor  pre\entin;j; 
cM'ii  the  {^radii.il.  )»iit  miuh  slower.  remo\alofthe  salts  hy  rain  and  moist  air, 
althon^jh  fa\orahIe  ri  suits  w  ith  wood  which  had  not  rc('»d\i'd  sn<  li  extra  j)ro- 
tectit»n  leaves  somo  donht  as  re<;ar(ls  its  economical  \aliu>. 

Tlio  nu'thods  which  are  now  used  for  proventinij;  iho     washin,^  out  "  of  the  meial 
salts  are:  (1)  The 'rhilman\  ])ro(!('Ss;  («)  with  snlphati'  of  copper;  (/;)  with  sul 
pliato  of  zinc.    (2)  The  \\(llhoiiso  process.    (8)  The /ane-,ixypsiun  ]H'ocess.    ili  The 
y.ine-creosote  process. 

1.  The  Tliilinuvii  proriss. —  riiilniaiiy,  in  ISi)!),  took  otit  a  patent  for  a  method  of 
]>r«'servat ion  hy  w]ii(  h  the  wood  was  tirst  to  1)0  impregnated  with  sulphate  of  eop- 
]>er  and  tlien  t(»  l)e  immersed  in  a  hath  of  chloride  of  barium.  An  interchaugc  of  the 
constirnents  of  these  two  salts,  if  broui^ht  to<vether  iu  the  proper  proportions,  would 
leave  the  timber  imprei^nated  w  ith  (diloride  of  copper  and  sulphate  of  barium,  whi(di 
latter,  lieiiii;  insoluhle  in  water  and  in  all  acids,  was  expected  to  till  nj)  the  jiores  of 
the  wood  so  as  to  prt'\ent  the  retnoxal  of  the  chloride  of  copper  by  water  eiiterini; 
from  the  outside. 

The  process  was  hrst  tried  at  Cleveland,  Ohio,  with  l)locks  for  wood  pavement. 
As  far  as  I  am  informed,  the  wood  was  treated  with  sulphate  of  copper  by  tin; 
lloucherie  process  and  tin  n  immersed  iu  a  bath  of  chloride  of  barium.  In  l^Sl  1  took 
up  and  examined  some  of  t  lie  (dm- wood  blocks  w  hich  h.'id  Ixmmi  thus  treated  and  laid 
down  in  St.  Clair  street  in  1S70.  and  found  them  i)erfectly  sound  after  elvcu  years' 
exposure  on  the  street. 

Works  were  erected  at  Defiance  and  jMilwankee,  where  the  timber  and  ties  were 
treated  with  the  Tliilmany  preservatives  by  steaming,  vacuum,  and  pressure.  But 
the  results  were  not  very  favorable.  At  Defiance  a  solution  of  1.5  in  100,  and  later 
one  of  2  in  100,  was  injected  Avith  a  pressure  of  80  to  100  pounds  until  all  tlu^  pores 
of  the  wood  (as  Mr.  Thilmany  says)  were  char<^cd  with  the  solution,  when  the  boiler 
was  (illed  with  a  1.^  i)er  cent  solution  of  chloride  of  barium.  It  is  hard  to  conceive 
how  the  second  solution  could  enter  the  pores  already  tilled  with  the  solution  of  sul- 
phate of  co})])er.  and  where  the  chloride  of  barium  reached  the  lirst  solution  it  left 
( hloride  of  coi)i>er,  the  value  of  which  as  an  antiseptic  is  uncertain,  and  some  sul- 
jthate  of  l)ariuin  inside  of  the  wood,  which  could  do  neither  good  nor  harm.  The 
treatuH-ut  of  the  paving  blocks  at  Cleveland  was  evidently  more  rational,  because  by 
tlic  Houcherie  process  the  wood  w  as  well  impregnated  with  sulphate  of  copper,  and 
the  soaking  in  chloride  of  barium  only  i>roduced  an  interchange  near  the  ends,  where 
the  formation  of  the  insoinble  sulphate  of  barium  was  of  the  greatest  benefit  in 
stopping  iij)  the  pores  to  some  extent,  and  if  not  ])reventiug,  at  least  imyieding,  the 
ingress  of  water  and  the  w  a--]iing  out  of  the  snlidiate  of  eop])er  from  the  inside. 

Mr.  Thilmany  later  u-ed  siiliihato  of  zinc,  instead  ot  co]»i)er,  in  connection  with 
chloride  of  hariuin,  l)iit  t  he  process  does  not  ap])ear  any  more  rational.  If  the  inter- 
change of  the  chemicals  throughout  tlu;  lumber  could  occur,  it  would  leave  the 
wood  impregnated  with  (diloride  of  zinc  and  sulphate  of  barium;  but,  as  such  a 
com])letc  interchange  is  impossible,  part  of  the  sulphate  of  zinc  would  uudoul)tedly 
remain  uiudianged,  and  as  its  antiseptic  powers  are  not  established,  the  result  as  to 
preservation  must  l)0  uncertain. 

2.  Thr  ]VeUhome  prorest). — Another  device  for  iireveutiiig  the  removal  of  the  zmc 
chloride  has  been  invented  by  Mr.  Wellhoiise  and  is  extensively  used.    It  is  based 
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on  the  fact  that  ghie  and  tannin,  hrought  together  in  proper  proportions,  ■will  form 
a  substance  resembling  leather.  The  timber  is  steamed  in  the  usual  manner, 
inclosed  in  a  vacuum,  then  impregnated  by  pressure  with  a  solution  con^^istiim,  of 
chloride  of  zinc  and  glue,  and  afterwards  subjected  to  a  bath  of  tanniu  uiuler 
pressure.  The  impregnation  with  glue,  it  is  claimed  by.  the  president  of  the  com- 
pany using  this  process,  will  destroy  all  tannic  acid  within  the  wood.  But  the 
benetit  derived  from  this  chemical  combination  is  not  apparent,  since  tannin  is 
rather  a  preservative  than  otherwise.  The  bath  of  tanniu,  the  president  farther 
states,  precipitates  the  glue  remaining  in  the  outer  pores  of  the  wood,  retaining  a 
greater  jjercentage  ot  chloride  of  zinc  in  the  wood  than  would  be  the  case  if  it 
were  simply  liurncttized.  Hut  while  the  hitter  claim  may  be  substantially  correct, 
it  remains  to  be  seen  whether  the  introduction  of  an  uncombincd  organic  substance 
into  the  inside  pores  will  prove  favorable  to  preservation. 

The  (juestion  whether  the  zinc-tannin  process  gives  better  results  than  the  ordi- 
nary Bethell  process  will  be  decided  within  a  few  years,  as  a  number  of  works  for 
treating  ties  by  this  process  have  lately  been  constructed  by  the  Atchison,  Topcka 
and  Sauta  Fe  Railroad  at  Las  Vegas,  N.  Mex.,  and  by  the  Union  Paciric  Railroad  at 
Laramie,  Wyo.,  and  the  process  is  also  used  for  preserving  ties  for  several  railroad 
companies  at  the  Chicago  works  of  the  company. 

The  works  at  Santa  Fe,  which  have  within  a  year  been  erected  on  the  plans  and 
partly  under  the  supervision  of  Mr,  (  ).  Chanute,  C.  E,,  are  constructed  and  operated 
in  accortlance  with  all  the  requirements  of  the  best  modei  n  practice.  At  the  Las 
Vegas  works  an  accurate  and  full  record  is  being  kept  of  all  the  operations  and  of 
all  exjienditures,  more  comidete  than  has  ever  been  ap])roached,  so  far  as  I  know,  in 
this  or  i)robably  any  other  country,  and  which,  when  ])nblishcd  in  full,  will  give 
more  trustworthy  inlormatiou  as  to  the  cost  of  wood  preservation  than  has  hereto- 
fore been  obtainable. 

The  data  contained  in  these  re])()rts,  which  have  been  kindl.N  I'lirnishcd  to  me 
through  Col.  Edgar  T.  Ensign,  forestry  comiiiissioner  of  Colorado,  have  been  very 
useful  in  (K'termining  the  c()mi)arative  cost  of  the  several  processes  now  in  use  for 
the  i>reservatiou  of  W(  otl. 

Whether  the  use  <»f  glue  and  tannin  in  connection  with  the  zinc  chloride  will 
prove  a  success  or  not.  the  works  erected  under  Mr.  Chauute's  directions  and  the 
metliodical  system  of  operating  tluMu  initiated  by  him  will  do  as  much  for  the 
proper  preservation  of  timber  by  mineral  salts  as  Andrews,  at  Boston,  and  .J.  W. 
Putnauj,  in  the  South,  have  done  for  the  proper  ai)plication  of  the  creosoting  process. 

3.  Tin  ziuc-(jijp8Hin  procens. — The  process  was  patented  by  Mr.  Hagen,  of  St.  Louis, 
and  is  used  l>y  the  American  Wood  Preserving  Company.  In  this  process  the  timber 
is  impregnated  with  a  solution  containing  both  chloride  of  zinc  and  gypsum.  When 
the  water  of  the  solution  evai)orates  the  gypsum  crystallizes  and  is  expected  to  stop 
uj)  the  pores  of  the  wood,  and  thus  prevent  the  washing  out  of  the  zinc  chloride.  The 
(question  arises  whether  a  substance  soluble  iu  water  to  some  extent,  like  gypsum, 
can  be  expected  to  permanently  stoj)  up  the  pores  of  the  wood  agaiiist  the  ingress 
and  egress  of  water.  It  seems  hardly  y)os.si hie  that  the  gypsum  would  answer  the 
])nrpose.  The  best  that  can  be  said  for  this  ])rocess  is  that  if  the  addition  of  gypsum 
does  no  good  it  can  not  do  harm,  and  if  the  wood  is  impregnated  thoroughly  with  a 
solution  of  chloride  of  zinc  and  gypsum  it  will  last  as  well  at  least  as  wood  simply 
Burnettized. 

4.  The  zinc-creosote  process. — A  process  has  lately  been  i)roposed  by  Mr,  .James  T. 
Card,  president  of  the  Wood  Preserving  Works  at  Chicago,  111.,  viz,  to  impregnate 
the  timber  first  with  chloride  of  zinc,  and  after  partially  removing  the  moisture  from 
the  wood  to  inject  dead  oil  through  the  outer  portions  of  it,  thereby  securing,  as  Mr. 
Card  states,  all  the  benefits  derived  from  the  oil  when  lumber  comes  into  contact 
with  the  ground,  as  well  as  insuring  thorough  treatment  of  the  wood,  through  chlo- 
ride of  zinc,  which  is  protected  by  the  oil  surrounding  it,  thus  preventing  its  being 
chemicallj'  changed  or  washed  out." 
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Tlio  j)rnct»ss  stM'ins  rjitioii.il.  :iinl  woiiM  |ii()l»:il>ly  answi-r  ,i  l;(kh1  piirjxtNc,  il  tin- 
iiccrssiiry  tiiiir  ami  iiumicn  can  sp  iicil  lo  I  Inuoii^li ly  <lr\  (lir  l.imlM  r  al'Uir  iiii|»rc^- 
iia  t  iiii;  it  \v  i  t  Ii  /  iuc  cli  loridr  a  ml  iK'Ini  c  i  ii  jict  i  n  'j,  I  !ic  oil. 

(         ()i    i'i;r>i  i;\ A  lit  iN. 

Iti  oilier  to  iiiaki'  :i  lair  fom|tarisoii  ol'  tin-  covi  oT  I  ri-a  t  iiicii  t  witli  llir  (lincrriit 
ant  iscpt  il  s  now  in  nsc.  I  will  assnnic  that  tlir  sainr  Uind  ol"  linilKMami  llK'.sainr 
rolin.  \  i/,  thai  ol"  liard  railrond  I  ics.  racii  con  t  a  i  n  i  ni;  o.o  m  hie  let.  is  to  he  t  ic:il.«l, 
andtlial  t  In-  « |  na  n  i  i  i  \  ol'  ant  iscpt  if  sojnl  ion  nscd  and  tlif  strcn  n  I  li  <d'  I  he. d  n  t  jon 
arc  to  1  ic  in  cmi  toniii  i  \  w  i  i  li  the  l»csl  prait  iff,  as  (lf\  eloped  \\s  e\  perienee  in  pl.i  n  t  s 
ot'  uiNcn  si/f. 

\a  \  ('rtosolini/. — Assmiiijii;  that  two  iiijcction  cylinders  aic  to  he  iiHcd,  ca<'h  100  l'e(;t 
lonn  and  (»  feef  in  dianieter.  the  total  volume  of  oaeli  cylinder  will  ho  2,H00  cubic 
feel,  ami  it  will  ha\e  a  (  apiu  ity  of  nearly  1,100  cubic  feet  of  timber  (in;ikiu<;  allow- 
am f  I'oi-  \ olnme  of  ears  ami  inti'rstic(^s).  The  total  ])l;iut  required  would  coHt,  say, 
$S0,()()ii.  If  it  takes  twt  lxc  hours  lor  a  rnn,  H.tiOO  cubic  feet  or  1,(100  ties  (of  H. 5 
fubif  If  ft  ea.h)  can  be  treated  ])er  day:  or,  .say,  500,000  ties  or  1,750,000  cubic  feet 
can  lie  t  reated  in  a  year. 

l  akin^  the  interest  on  eajiital  (iiicludin<>  repairs  and  renewal)  iit  10  ])er  cent,  the 
item  of  interest  on  plant  w  ill  be  $8,000,  or  l.G  cents  i)er  tie. 

Assniuiui;  the  proper  «|uant  ity  of  dead  oil  at  7  i»ounds  per  cubic  foot,  or  21.5  pounds 
1»(  r  t  ie,  and  the  cost  of  the  oil  at  0.8  conts  per  pound,  the  cost  of  nuiterial  will  be  10. 0 
]ier  tie. 

The  cost  of  labor  and  fn«d  c  har<i;eable  to  treatment  alone,  judgin<;  from  the  accounts 
kept  at  Las  Vegas,  may  be  taken  at  about  $15  ])er  run^  or,  as  100  ties  are  treated  at 
once,  3.75  cents  per  tie,  or  1.07  cents  per  cubic  foot  of  timber.  The  total  cost  of 
creosotiug  a  tie  would  be,  therefore : 


Per  tie. 

Per  cubic 
foot. 

Cents. 
1.6 
19.6 
3.  75 

Cents. 
0.48 
5.6 
1.07 

Material  

Total  

25.  00 

7.1 

The  cost  of  transporting  the  ties  to  and  from  the  works  would  of  course  have  to  be 
added,  and  profit,  if  the  work  is  done  by  contract.^ 

I  may  mention  that  the  above  price  for  the  dead  oil  is  smaller  than  has  been  gen- 
erally assiuned.  this  because  lately  I  have  been  offered  dead  oil  at  one-third  of  a 
cent  per  i»ound.  At,  that  price  the  cost  of  creosotiug  would  be  only  about  14.J  cents 
per  tie. 

If  i)iles  or  timl)fr  were  to  be  croosoted  and  iin|)regnated  with  20  pounds  per  cubic 
foot,  it  would  take  about  sixty  hours  tor  a  run,  and  the  total  number  of  runs  per 
annum  would  be  210  (with  2  cylinders);  the  nuuil)or  of  cubic  feet  of  timber  treated 
l)cr  annum,  ;i")0,000;  tlu;  labor  ami  fuel  per  run,  $(50,  and  the  total  cost  of  treating  1 
cubic  foot  of  timber;  interest  on  jdant,  ^y?""!)!,  =  2.3  cents  ))er  cubic  foot;  material  (20 
pounds,  at  0.8  cent),  10  cents;  labor  and  fuel,  1.3  cents;  total,  22.(5  cents,  or  about 
$19  per  1,000  feet,  li.  M. 

(/>)  Kyanizing. — If  the  im])rfgnation  is  to  bo  carried  out  in  the  ordinar.x  way,  by 
steeping,  and  if  the  works  are  to  be  of  sutlicieut  capacity  to  treat  250,000  ties  per 
annum,  or,  say,  800  ties,  eriual  to  2,800  cubic  feet  of  timber  per  day,  and  if  the  steep- 
ing is  to  be  continued  for  seven  days,  there  must  be  tank  room  for,  say,  20,000  cubic 
feet  of  timber.    Allowing  1.3  cubic  feet  of  tank  room  for  1  cubic  foot  of  timber,  the 


'  Soe  note  of  cost  of  creosoting  in  Franco  on  page  78. 
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total  capacity  of  the  tanks  required  will  be  26,000  cubic  tei't,  and  if  tanks  50  feet 
loug,  7.5  feet  wide,  5  feet  deep  are  used,  about  14  tanks  will  be  recjuired. 

The  plant  would  cost  probably  $10,000,  and  on  250,000  ties  the  cliiiriie  for  interest 
on  ])lant  would  be  (at  15  per  cent,  including  re])air  and  renewal )  O.O  cent  i>er  tie. 

If  0.06  pound  of  bichloride  of  mercury  is  used  per  cubic  foot,  or  0.21  pound 
per  tie  (of  3.5  cubic  feet),  and  the  siibliinate  costs  50  cents  ])er  pound,  the  cost  of 
material  is  50  X  0.21  10.5  cents  per  tie.  Labor  and  fuel  would  be  about  3.5  cents 
per  tie,  and  the  total  cost  of  kyaiiizing: 


Interest  on  capital 

Material  

Labor  and  fuel  

Total  


Bridfjce  timber  would  have  to  be  steeped  during  two  weeks  in.steadof  one,  and  as 
therefore  only  half  so  much  lumber  could  be  treated  as  in  the  case  of  ties,  the 
interest  (»n  capital  would  be  doubled,  the  cost  of  material  and  lal)or  remaining-  the 
same;  the  cost  of  treatment  per  cubic  foot  would  therefore  be  increased  only  about 
one  twenty-lifth,  and  would  be  4.34  cents  per  cubic  foot. 

(c)  Chloride  of  :i)ic. — If  ties  are  to  be  im])regnated  by  steaming,  vacuum,  and  pres- 
sure, the  cost  of  plant  recjuired  (in  coimection  with  two  injecting  reservoirs)  is 
about  $^10,000.  Assuming  the  time  used  for  one  run  at  t(  n  hours,  60  runs  could  be 
made  per  mouth  with  ca<  h  cylinder,  or  120  runs  with  the  two  cylinders,  or  1,450 
runs  per  annum.  Taking  400  ties  per  run,  tlu^  total  number  of  ties  which  could  bo 
treated  in  a  year  would  hr  580,000,  t'.|ua I  to.  say,  2,000,000  cubic  feet  of  timber. 
Allowing  lOprr  cent  inlt-reston  cost  of  jdant  will  give$4,000,  or  [SlJfJoo  =0.69  per  cent 
tie,  or  0.2  ])er  cubic  f(»ot.  The  cost  of  concentrated  chloride  of  zinc  (specilic  gravity 
1.5)  is  about  ^2A]0  per  cubic  foot.  If  the  solution  has  a  strength  of  1  in  60,  1  cubic 
foot  of  it  will  cost  4.3  cents,  and  if  the  wood  takes  up  33  iter  cent  (l)y  vol.)  of  the 
S(dution  per  cubic  foot,  it  will  re<|Uire  one-third  cubic  foot  of  the  weak  solution, 
costing  1.3,  i'lill—  1.44  cents  ])er  cubic  foot  of  lumber,  or  5  cents  per  tie.  Labor,  at 
$10  per  run,  will  cost  $14, .500,  or  0.72  cent  p«'r  cubic  foot,  or  2h  cents  per  tie.  The 
total  cost  of  this  mode  of  preservation  will  therefore  be: 


Per  tie. 

Per  cubic 
foot. 

Interest  on  plant  

Cents. 
0.  09 
5.  04 
2.  52 

Cents. 

0.2 
1.4 
0.7 

Material   

Total  

H.  2?) 

2.3 

((1)  Zinc-tanniii. — If,  m  addition  to  chloride  of  zinc,  glue  and  tannin  are  used,  the 
cost  of  material  is  increased  by  2.5  cents  per  tie,  and  the  cost  of  labor  and  fuel  one- 
tifthor  0.5  cent  per  tie.  making  the  total  cost  11.26  cents  p<^r  tie,  or  3.2  cents  ])er  cubic 
foot. 

(e)  Sulphate  of  copper. — If  a  solution  of  sulphate  of  copper,  1  in  100,  was  to  be 
injected  by  the  same  process,  the  change  in  cost  would  be  in  interest  on  plant  and 
cost  of  material.  As  such  works  would  cost  about  $60,000,  the  item  of  interest 
would  be  increased  by  one-half.  As  to  cost  of  materials,  sulphate  of  copper  can 
now  be  bought  at  7  cents  per  pound.  Adding  99  jjounds  of  water,  100  pounds,  or 
1.5  cubic  feet,  of  the  solution  will  cost  7  cents,  or  1  cubic  foot  L6  cents. 


Per  cubic 
foot. 


Cents. 
0. 17 
3.  00 
1.00 


4. 17 


soi  l  rroNS   ol'   ZINC    AM)  CoriMlK. 

Ali.llll,  11'  "IK-  lllild  illliic  loot  dl"  tllf  sollllidll  lit'  ill  j.rlr'l.  tllr 
•lllilf  |i>i)I  ol  wood  will  1).'  1  rcill  s  .iliil  (he  CdSl  ]  ic  r  1  ir  .'>.'_'.")  (■( 
>r  proriA  ,1 1  11)11  u  cm  111  1  licii  Ix' : 


27. 


•Ills.     'I'lic  ti)I;il  cost, 


Per  tie. 

Per  cubic 
foot. 

Cents. 
1.05 
5.  *J5 
2.5 

Centn. 
0.  H 
1.5 
0.7 

Total  

8.  80 

2.5 

(/)  .^olutionn  of  rhhiridc  of  or  sulphate  of  copper,  injccfrdh}/  the  Bo\(vherie  proerHs. — 
To  troMt  800  ties  per  dny  with  /.iiic  divoct  (prossurc)  by  tlio  Bouclicrie  process  would 
rf(|iiirt»  ;in  iii\ C'^lmcnl  ol  ciiul;!!  of  iihout  .+5,000.  Tlio  interest  on  this  smn  ;it  L'O 
per  cfiii  I  intliidiiii;-  r(>]»,iirs  and  rcncwan  wonid  he  $1,000,  or  on  250.001)  ticsO.l 
cent  ])('r  tic. 

riic  (|U;uit  it  v  and  cost  of  I  he  cli  loride  of  zinc  and  sul  j)liatc  of  copper  won  Id  he  the 
same  as  when  ticalcd  hy  the  niodcni  process,  pins  one-<inarter  for  h)ss  of  solution 
from  ticatiuLj,  mund  sticl<s  and  from  ]eaka,<;e.  The  hvbor  wonld  he  '.^l  cents  per  tic, 
and  I  he  toi.al  cost  : 

Aniisepiic. 


Cost  per  tie. 


Cliloride  Sulphate  of 
of  zinc.  copper. 


Cents. 
0.40 
6.  25 
3.  50 

10. 15 


Cents. 
0.40 
C.  56 

3.  50 

10.  4(i 


Iiitoro.<»t. . . 
Antiseptic 
Labor  


Total 


If  tlie  imprej^nation  is  to  be  produced  by  suction  the  cost  of  plant  will  be  $12,000, 
Ihe  ( ost  of  the  antiseptic  the  same  as  before,  and  the  cost  of  labor  also  the  same, 
since,  althon^li  it  re(|uires  two  men  to  attend  to  the  same  number  of  lo^s  which  one 
man  can  attend  to  in  t  he  (lire(;t  Boncherie  process,  the  treatment  is  completed  in  half 
the  time. 

The  cost  of  i)reser\ al  ion  by  this  jnefliod  is,  therefore,  as  follows: 


Aniiscjilic. 


Chloride  of  zinc. 

Sulpliato  of  cojii^'r. 

Per  tie. 

Per  cubic 
foot. 

I'er  tie. 

Per  cubic 
foot. 

Intoreat,  ropMirs.  iind  renew  ;il,  2n  per  cent  

Cents. 
0.  96 
6.  25 
3.  ,")() 

Gents. 

0.  28 
1.80 

1.  (10 

Cents. 
0.  96 
6.  56 
3.  50 

Cnits. 

0.  28 
1  !t() 

1.  00 

Total  

10.71 

3.08 

11.22 

3. 18 
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litciipUululioH  of  coat  of  preservation  of  railroad  ties  with  different  antiscpties  and  methods. 

[Volume  ol'  ties,  3.5  wibic  feet.] 


Antiseptics. 


Dead  oil  

l>i(;hlori(le  of  inercurv  

Chloritle  of  ziue  

Chloride  of  zinc  and  taiiuin. 

Siil]>hate  of  copper  

Chloride  of  zinc  

Sulidiate  of  copper  

CIdoride  of  zinc  

Siilpliate  of  coiiper  


^lethod  of  treatiueiit. 


yotal  cost. 


Per  tie. 


Per  cubic 
foot. 


Modem  method. . 

Steepiufi  

Moderu  process . . 

 do  

 do  

Direct  Boucherio 

 do  

JJoucherie  (suet.) 
 do  


Cents. 
25.00 
14.  GO 

8.  25 
11.25 

8.  80 
10. 15 
10.46 
10.  71 
11.22 


Cents. 


7. 13 
4. 17 

2.  ao 

3.  20 
2.  50 
2.90 
3.00 
3.08 
3.18 


As  before  stated,  these  estimates  do  not  embrace  tbo  liauliug  of  ties  to  and  from 
the  works.  If  the  ties  are  destined  lor  a  new  road  just  built  the  preservation  of 
ties  by  processes  2,  (J,  7,  8.  and  in  whir  li  the  phmt  can  Ite  moved  from  one  place  to 
another,  savi'S  the  carryiiii;  of  the  tics  to  distant  Morks  for  treatment.  No.  2,  how- 
ever, r«'(juires  seasoned  wootl.  and  docs  not.  tlicreforc,  oH'er  as  threat  advanta^c^  as 
the  others.  The  (Mitire  costot'  tliis  i raiisportation  miglit,  in  some  cases,  amount  to  5 
or  even- 10  cents  per  tie. 

(  ONCLUSION. 

r.y  lloWAIM)  ( 'ONST.VIJLE,  C.  E. 

The  ]ira(  tic.ibility  andeci»uomy  of  wood  preservation  Inivc  bo(!n  bron<Tht  intoqnes- 
tion  often,  because  the  processes  have  been  conducted  by  dishonest  contractors  or 
havx>  been  based  upon  some  unwarrantable  tlieory  rather  tlian  upon  any  scientific 
princip'cs.  Nevertheless,  many  sucvcsses  have  been  achievcid  and  improvements 
have  been  made  in  the  details  of  treatment  and  in  me(  hauical  contrivances  to  n)eet 
the  conditions  pecnliar  to  this  country.  The  table  of  experiments  on  pa<;e  281,  in 
addition  to  thoso  mentioned  by  Col.  Flad,  is  certainly  encoura;;in<^, 

lioth  here  and  abroad  the  durability  of  wharf  and  other  timber  subject  to  severe 
exposure  has  been  and  can  bo  at  least  doubled.  The  durability  of  piles  and  other 
timber  subject  to  the  attacks  of  the  sea  worm  Teredo  can  be  prolonged  three  or  four 
times.  The  possible  economy  resulting  from  the  use  of  treated  hemlock  ties  instead 
of  while  oak  in  their  natural  condition  has  been  estimated  by  Mr.  O.  Chanute  as 
f(dlows:  For  a  road  with  about  2,000  miles  of  track,  containing  about  5,000,000  ties, 
$250,000  in  first  cost  every  twelve  years,  and  . $250, 000  each  year  in  the  average  charge 
for  rem'wal  of  ties.  Some  moderate-sized  roads  use  as  many  as  400,000  ties  a  year, 
and  have  to  get  from  one-tpiarter  to  one-half  of  them  from  otlusr  territory  than  their 
own,  wlueh,  of  cour.se,  results  in  the  railroads  putting  great  obstructions  to  the 
shipping  of  ties  out  of  their  own  region,  and  luicessitates  going  to  great  distances 
for  the  extra  supply. 

A  feAv  are  familiar  with  all  these  facts,  but  the  majority,  and  the  economists  or 
business  men,  frequently  realize  them  only  partially,  ami  do  not  appreciate  the 
importance  of  the  subject  to  themselves.  We  shall  be  accomplishing  nnich  if  we 
aid  in  giving  these  persons  a  comprehensive  and  clear  idea  of  it  in  its  general  bear- 
ings. 

One  of  the  first  things  to  be  clearly  understood  is  that  the  field  of  wood  preserva- 
tion is  a  very  large  one,  embodying  many  natural  and  artificial  conditions  somewhat 
different  in  each  particular  locality  and  case.  Everyone  can  not  preserve  wood  with 
advantage.  It  can  not  yet  be  done  cheaply  enough  for  ties  on  a  new  road  in  a  heavily 
wooded  district,  any  more  than  we  could  use  stone  for  depots  in  such  a  region. 

Nor  is  there  any  "  cure-all"  process  by  which  any  Avood  for  any  and  every  puri)ose 
can  be  preserved.  Piles,  which  are  cut  to  pieces  by  the  Teredo  within  two  years, 
require  different  treatment  from  ties  to  be  placed  in  an  ordinary  roadbed,  as  the 
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method  of  liaiulliiiu  .uul  tiMiisportini,  i)frislial)lr  iVriirlit  must  dillVr  iVoin  that  ol" 
ordinary  Irriulit.  tifrr-^sii  m  im^  iii()r(>  carc^  and  t'Xpoiisc.  Any  Hysti-m  to  In-  a(la|tttil 
toa\arii't  \  ol'work  ami  t  u  \c  pioiii  i^r  uf  economical  results  must  li:i\c  the  liai 
monions  cDoiicrat  ion  olall  ciiiictiiicd  in  its  operations  and  laithliil  altnition  lu 
details.  i'.ai  li  one  in  any  w  ay  » oiuieeted  with  tlie  w  ork  should  have  a  ^i  in  ral  iiiidri 
staiidinu  of  it,  and  a  ]ii«(i>i'  k  n(>\\ded<r(>  ofhis  own  jiarticiihir  duties  and  I  lie  limils 
to  lie  (iltseiv  I'd.  IT  ill  is  is  no!  tlit>  easo  the  purelKisiu,^  a;;cnt  ina>  coni  ract  loi-  t  inilni- 
iiuite  uusiiiled  tt>  the  purpose  for  whicdi  i t  is  ]U-<)<;ured  ;  the  snpci  inteiident  ma\ 
oveilook  the  iiiiitortaiiee.of  ample  fa  ililif's  of  operation ;  the  engineer  ma\  not  eom- 
pndieud  tlio  tlenree  ot"  treatnu  iif  reijuired.  ami  the  inspector  and  workineu  m:i\ 
heconm  careless,  and  so  ruin  tin-  work. 

The  need  of  intellif^ent  eooju'rat  ion  is  here  emi)liasi/ed  Ixu  ause  it  lias  heen  ue;;;- 
U'cted  frei|Uontly  and  caused  prix-esses  in  themscdves  good  to  he  attended  with 
unsatisfactory  results. 

If  a  business  man — the  ]iresideul.  jieihaps.  of  some  company — thinks  the  snlijeet 
of  wood  ])reserval  ion  may  haxc  in  it  some  l)enelit  for  him,  or  those  whom  Ik;  repre- 
sents, his  main  iiiiiiiiries  are  :  \\hat  does  it  amount  to  ?  Will  it  pay'  Will  it  mak(; 
a  conspicuous  iit  in  ol  eeonom.N  .'  How  will  it  alVeet  our  policy  and  dealings  with 
others  f    Is  it  pract  icahle  in  our  case  ^ 

The  mana^^er  asks  somewhat  the  same  (luestions,  but  inipiires  further:  What  are 
the  conditions  and  necessities  iu  our  case f  What  is  the  best  process  and  its  cost? 
What  are  the  conditions  for  success ?  What  facilities  have  we 'i^  What  rules  shall 
be  laid  down  ? 

The  engineer  or  foreman  in  cliargt!  wishes  to  know  wliat  pnu-isely  is  the  composi- 
tion of  each  ingredient,  wliat  is  the  ordt-r  and  tiim;  of  each  stc^j)  in  the  pro(  (  ss.  w  Imt 
are  the  rei|uisites  and  facilities,  and  wdiat  standard  must  be  exacted  m  onU-r  to 
insure  success. 

Thus  it  becomes  plain  how  the  jjhysical  and  commercial  divisions  of  the  subject 
interlace  and  reciuire  to  be  in  accord.  In  order  to  select  a  jirocess  and  lay  down 
rules  for  the  guidance  of  all  connected  with  it,  it  is  necessary  to  decide  what  i)ur- 
poseand  exposurethe  wood  is  tobesuljject  to,  then  to  ascertain  accurately  all  the  con- 
ditions which  prevail  in  the  special  case,  and  to  determine  the  length  of  life  that  should 
be  secured.  Questions  like  the  following  will  come  up  naturally  and  almost  necessarily 
for  answer :  What  is  the  name,  (juality,  and  cost  of  the  wood  to  be  used ;  its  use  and 
exposure:  nature  of  soil  and  water;  average  length  of  life,  sources  of  injury,  such  as 
Teredo,  notching  and  framing,  cutting  by  the  rail,  etc.;  destroyed  by  what?  Cost 
of  renewals.  Available  woods  for  treatment.  Cost  of  the  same.  Probable  quality 
and  c(mdition.  Receiving  point.  Distributing  point.  Location  for  preserving 
works.    Capa(Mty  of  plant.    Cost  of  plant.    Cost  of  operating. 

I  may  bo  permitted  to(|U()te  from  the  recent  and  very  instructive  report  on  the 
]>reservation  of  timber,  made  in  l!^S5,  by  a  committee  of  the  American  Society  of 
Engineers,  .after  a  careful  and  protracted  examination  of  the  sul)Ject: 

"In  vi(!W  of  the  dilbtring  cost  of  the  various  antiseptics  used,  and  of  the  ])riee  of 
t  imbtr  in  this  country,  where  it  is  still  much  eheaiier  than  in  Ijiroi>r,  we  believe  t  li.at 
the  method  to  Ix^  selected  for  preserving  wood,  if  any,  deitends  almost  wholly  ui»on 
its  proposed  8ub8e<|uent  exposure. 

"If  the  timber  is  to  beexposed,  in  sea  water,  to  tln^  atta(d<s  of  th(>  Tcynh)  iKiralis 
ami  Limn 01  in  li-rchrnns,  t  here  is  but  one  antiseptic  w  h  ieh  can  be  nseil  w  i  I  li  on  r  ]>i cx  nt 
knowledge.  This  is  creosote,  or  'dead  oil,'  and  tlu!  amount  of  it  nee(!ssary  depends 
upon  the  activity  of  the  7V';vy/o,  or  rathei' uixm  the  length  ol'  tinn'  during  the  year 
wluMi  the  temperature  of  the  water  renders  them  active. 

"  In  our  northern  harbors,  probably  10  to  V2  i>ounds  of  creosote  to  the  eiibir  loot 
of  timber  are  eutlicient,  but  in  southern  seas  it  is  proltaltl\  necessary  to  inject  from 
1 1  to  20  pounds  jx  r  cubic  foot. 

"Whi'ther  it  will  pay  to  (b>  thisde]>euds  upon  --o  many  local  circumstances  in  each 
case  that  this  can  not  well  Ije  discussed  iieie.    il  lhetiml>eris  to  be cxitosed  in  a 
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very  "svet  situation^  creosoting  is  also  the  best  process  to  use.  It  will  cost  from  $10 
to  $20  per  1,000  feet.  1).  m.,  or  35  to  60  cents  per  tie. 

"The  selection  of  the  oil,  as  well  as  the  quantity,  is  of  iiuportauce.  It  was  for- 
merly helieved  that  the  antiseptic  properties  of  dead  oil  arose  from  the  i)resence  of 
carbolic  and  cresylic  acid,  but  a  very  able  paper  by  Mr.  8.  B.  Boulton,  the  leading- 
authority  on  creosoting  in  England,  read  before  the  Britisli  Institution  of  Civil  Engi- 
neers in  1884,  seems  to  establish  the  fact  that  the  preserving  properties  of  dead  oil, 
aside  from  the  mechanical  eftect  in  keeping  out  moisture,  are  chiefly  due  to  'acri- 
dine,'  or  one  of  the  alkaloids  or  bases  now  known  to  exist  in  creosote  oils. 

"If  the  exposure  is  to  be  that  of  a  railroad  ti(>,  creosoting  is  doubtless  the  most 
perfect  process  to  use;  but  in  view  of  the  expense,  it  maybe  preferable  to  use  a 
cheaper  })roces8,  dependent  somewhat  u]»on  tlie  location,  as  away  from  the  seaboard 
creosote  is  not  available,  and  transportation  is  ex|)(Misivo. 

"Sleepers  of  Baltic  lir,  unprei^ared,  9  feet  long  and  10  l>y  incbes,  gcuerally  cost 
in  England  about  90  cents  each,  unloaded,  grooved,  and  ])iled;  and  creosoting  adds 
about  24  cents  to  this.  So  that  the  sleeper  costs  about  $1.14  ready  to  go  into  the 
track,  and  is  there  laid  with  a  chair  under  the  double-headed  rail,  so  that  the  latter 
d«)es  not  cut  into  the  wood.  Theses  sleepers,  therefore,  last  eighteen  to  twenty  years, 
while  in  this  country  they  would  probably  ho  cut  into  by  our  loot  rail  in  from  twelve 
to  sixteen  years;  and.  moreover,  as  the  first  cost  of  our  ties,  of  corresponding  timber, 
say,  hemlock  or  mountain  pine,  is  only  from  2~>  to  So  cents,  we  can  not  aflbrd  to  spend 
an  e(|ual  sum  in  ]>rescrving  them:  .iml  creosoting  is  notoriously  more  exi>ensive  lien^ 
than  in  England. 

"With  our  present  knowledge,  and  as  a  result  of  this  investigation,  we  believe 
that  burnettizing  is  the  ailvisabie  process  to  nse  for  ties  at  present  in  this  country. 
This,  if  well  done  (and  it  is  nearly  useless  to  do  it  otherwis<!),  will  cost 20  to  25  cents 
per  tie,  and  a  discussion  of  the  economical  results  to  be  expected  tlierefi'om  will  be 
found  in  Appendix  No.  17. 

"Good  results  may  be  afcomi)lislied  with  suli»liati' of  copper,  l>ui  not  only  do(>s  this 
salt  render  wood  brittle  (more  so,  it  is  believe<l,  than  chloride  of  zinc),  but  as  the 
copper  attacks  iron  vessels,  its  us<!  necessitates  preserving  cylinders  of  copper,  and 
requires  an  expensive  )>lant. 

"The  great  defect  of  all  mineral  salts  is  that  they  are  easily  solul)lo  in  water,  and 
80  wash  out  in  time,  and  leave  the  timber  unprotecte<l.  Hence  tho  many  attempts 
to  patent  some  method  of  retaining  thom  in  the  wood.  What  these  may  be  Avorth 
must  be  determined  by  time,  but  the  desirable  coml)ination  for  this  country  would 
seen«  to  be  the  impregnation  of  the  inside  of  the  tie  with  some  metallic  salt  to  jioison 
the  germs  of  decay,  and  a  thin  coat  of  creosote  outside  to  repel  the  intrusion  of 
moisture. 

"If  the  timl)er  is  to  be  exposed  in  a  (•oni])Mrati vely  dry  situation,  as  in  biidges,  a 
trestle,  or  a  fence,  the  results  of  this  investigation  indicate  that  Kyanizing  is  agood 
process  to  use.  Itdoesnot  seem  to  impair  the  strength  of  the  timber  as  much  as 
Burnettizing,  and  the  latter  accordingly  is  not  recommended  for  those  parts  of  struc- 
tures (chords,  ties,  etc.)  which  are  to  bear  tensile  strains. 

"Kyanizing  costs  about  $6  per  1,000  feet,  B.  M.,  and  success  with  it  cannot  be 
expected  unless  the  work  be  well  done.  Caution  will  need  to  be  observed  in  carry- 
ing it  on,  as  corrosive  sublimate  is  a  violent  poison. 

"  Conditions  of  success. — Your  committee  will  therefore  attempt  to  state  the  prin- 
cipal conditions  to  be  observed  to  achieve  success,  so  far  as  they  have  been  disclosed 
by  this  investigation. 

"  (1)  Select  the  approi)riate  jirocess.  in  view  of  the  subseciuent  intended  exposure 
ot  the  timber. 

"(2)  Select  the  more  open-grained,  porous,  and  sappy  varieties  of  wood  to  operate 
upon. 

"Antiseptics  penetrate  but  little  into  the  dense  structure  of  white  o;ik.  burr 
oak,  and  yellow  or  heart  pine,  and  are  of  doulttful  utility  for  white  pine,  chestnut,  or 


coNci-usioNs.  27n 

spruce.  \vljili>  tlifV  roatlily  iiiii»rr>^M:iti'  .iml  |»rfS(«i"\  t'  tlir  follow  in >j;  \  :irirti<'s  ol 
wooil  :  1  Ifiiilock,  ■^Wfct  iiioiiiil  aiii  piin-.  l<)l>loll\    |iini-.  lil.i.k  o.i  k .  red  0:1  k.  m:i  \ 

oak.  watt  T  oak.  Ix-i eh.  popular.  aAx.  soui  0:1k.  col  1  .m  w  ooil,  in.iplc. 

*•  Tlic  cheap  w  001  Is,  on  1  he  con  I  r.irv,  can  l>c  made  I  o  out  hisl  I  he  Ik  si  w  oik  Is  in  their 
natural  .stale  hy  :i  llioroiinh  arl  iTn  i;il  preparat  icni . 

"(I!)  I'or  railroad  t  ics  it  will  i»e  ad\isalde  to  select  the  hardei-  Iv  i  nds  ..f  wood  to 
^uard  them  against  cnttin'^  into  i)y  the  ra  1  Is.  espeei.i  lly  npon  eur\e-.  1 '1  eser\ a  t  ion. 
however,  ni;iteriall\  adils  I  o  t  he  na  I  n  ra  1  har<lncss  of  t  imhiir.  and  it  islnnnil  to  resist 
cii  1 1  iliiX  l>,V  the  ra  i  I.  under  ord  i  na  r\  I  ra  Hi  e.  from  t  W(  1  vc.  ( 1  >  si  \  I  een  y  ea  rs. 

"(I)  I'.xtr.aet  the  s:i|)  ;ind  w.ater.  as  far  as  prard  ieal)lc.  Ixdorc  injec  1  ini;'  I  he  prescrv:i - 
t  ivo.  It  is  id  )\  ions  that  a  liipi  id  sol  n  I  ion  can  not  l>e  forced  in  n  n  less  t  lieic  is  a  )dace, 
for  it,  and  yet  mo^i  ,if  the  failures  of  \  alnalde  jncthods  can  he  traced  to  nc;;lect  of 
this  obvion.s  rei|nirement.  i'imher  mnst  w  (  11  .seasoned,  (Mthcr  naturally  or  artili- 
cially,  btdore  the  antisepiie  is  injected,  except  in  the  case  of  flu;  IJoiudierie  |)i-ocesa, 
which  l  an  only  lii>  applied  to  freshly  cut  lo<Xs. 

"  The  l-uroi)eans  opcr.ite,  as  has  l)een  stated,  upon  timlx'r  wiii(di  has  Ixjcii  cut  and 
seas(>ned  .-;ix  months  or  more,  and  lienee  th(>y  (ind  little  trouble,  in  injecting  the  solu- 
tions. In  this  country  we  must  operate  ehielly  upon  ;^re(Mi  or  freshly  cut  timber,  and 
hence  mnst  resort  to  steaming:,  il' we  use  the  pressure  nn^tliod  of  injection.  Very 
good  results  are  aeconi])lish(Ml  by  steamin<;-,  but  the  work  nuist  be  well  done,  and  at 
sucli  heat  and  ])ressur«'  as  not  to  injure  the  liber, 

"(.5)  Put  in  enouu;h  of  tlu^  antise])tic  to  accomplish  the  desired  result,  and  make 
sure  that  its  ((uality  and  streni;th  are  sncdi  as  neitluu-  to  injni'e  the  fib(>r  of  th(>  wood 
nor  to  leave  it  unprotected. 

"((3)  After  the  wood  is  i)repared  allow  it  to  dry  as  miudi  as  ])ra(ticable  before  usini^. 
Its  durability  will  be  materially  increased  by  gettinij  rid  of  8uri)lus  nu>isture. 

"(7)  Let  there  be  no  undue  haste  in  carryinu-  on  the  work.  This  is  sure  to  result 
in  unsatisfactory  preparation. 

"(H)  In  laying  pre])ar(Ml  ties  or  timber  in  the  tra(dc  protect  them  from  moist  ure  cn- 
water,  as  far  as  ])ractic  ible,  by  draining  tin;  roadbed. 

''  (D)  Contract  with  none  but  reliable  parties.  As  an  inspection  subscciuent  to  the 
doing  of  the  work,  short  of  chemical  analysis,  does  not  establish  the  fact  whether  it 
has  l)een  well  done,  and  the  results  can  not  be  detected  for  some  ;^  ears,  there  will 
always  be  a  great  temptation  to  do  bad  or  careless  work  under  contracts.  safe 
course,  theref\)re,  for  those  who  decide  to  ha\^e  timber  preserved  is  either — 
To  do  the  work  themselves,  under  the  supervision  of  experts; 

"(i)  To  contract  it  at  a  sufficient  price  to  honest  and  skillful  parties,  keei)inu  an 
insjiector  at  the  works  to  note  the  daily  working  when  the  magnitude  of  tin;  ord(M- 
will  warrant  it ;  or. 

"(c)  Contract  the  work  on  such  ttirins  that  the  profits  shall  de]»en(l  njion  the 
results  accomplished  in  preserving  the  wood  against  decay. 

"  }Y'i\l  it  })a>i  f — The  (piestiou  as  to  whether  it  will  pay  to  ]>reserve  timhei'  against 
di'cay  seems  to  have  been  answered  very  positively  in  the  allirmat i v(>,  in  l  jiro])e. 
There  seems  to  be,  indeed,  no  longer  any  <iuestion  there  about  it ;  ])reservation  is 
looked  u])on  as  fpiite  a  matter  of  course,  and  public  works  which  fail  to  avail  of 
it  aic  alluded  to  as  neglecting  an  important  economx  . 

'■  In  this  country,  preservation  of  wood  (<'xce])t  in  an  experiment.tl  way)  has  been 
the  rate  exeept  ion.  hn  t  ihe  time  has  i>r(d)ald\  aiaaNcd  wiien.in  nuiuy  sections.  ;in 
economy  of  20  to  ol)  ])cr  cent  a  year  (  an  Ims  ohtaimd  i n  t he  maintenance  f)f  tinilH  i- 
structures  and  cross-ties  by  preparing  them  art  iliciallyt  o  resist  decay,  while  in  othei 
sections  timber  is  still  tr)och(Mplo  wari'.inl  spending  monc\- to  iireserve  it. 

"This  depends  u])on  the  priic.  Thns,  wlu;re  a  while  oak  tie  costs  25  cents  and 
lasts  eight  years,  if  we  spend  25  cents  in  i)rei)aring  it  so  that  it  will  last  sixteen  .years, 
we  Imt  double  the  life  as  well  as  the  cost,  and  save  only  the  exp<!nse  of  taking  the 
old  tie  out  and  ])laeing  the  m-w  tie  in  the  track  at  the  eixl  of  the  lirst  eight  years,  if 
the  price  of  the  ties  in  the  meau\s'hile  continues  the  same. 
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If.  however,  the  oak  tie  costs  75  cents,  and  Ave  can  snbstitnte  a  liemlock  tie,  which 
unprepared  woukl  hist  three  and  a  half  years,  and  cost  30  cents,  and  hy  preparing  it 
extend  its  life  to  twelve  years,  at  au  additional  cost  of  25  cents,  or  even  more,  we 
then  have  a  notahle  economy,  hoth  in  tirst  cost  and  in  dnration. 

"In  the  case  of  piles,  which  are  cut  ott'  hy  the  teredo  in  one  ortwo  years,  as  occurs 
iu  our  Southern  harbors,  the  case  is  plain.  They  must  he  creosoted,  or  great  waste 
and  increased  expense  Avill  result.  In  cases  where  they  last  eight  to  ten  years,  as  in 
some  northern  sections,  it  will  depend  partly  upon  the  ralue  of  the  structure  which 
tbe  piles  sustain  whether  it  will  pay  to  creosote  theui  or  not. 

"In  the  case  of  bridges  and  trestles,  much  will  depend  u])Ou  tlie  exposure,  and  the 
cost  of  maintenance,  as  well  as  upon  the  proximate  exhaustion  of  suitable  timber  iu 
the  vicinity,  and  u])on  contemplated  i)crmaucnt  renewals ;  while  in  the  case  of  build- 
ings, platforms,  floors,  etc.,  the  ordinary  wear  from  Irallic  will  also  have  to  be  taken 
into  account. 

"  The  most  imjiortant  factor  will  be  the  exposure  (  wet  or  dry)  and  consequent  rate 
of  decay.  Thus  all  brewers  lind  it  very  economical  to  preserve  their  Uoors;  and  mills, 
bleacheries,  dyehouses,  etc.,  largely  resort  to  artilicial  pr('j)aratiuu  of  timl)er  because 
of  theirexposure  to  slopping  of  water,  and  consequent  moisture  in  heated  apartments. 

"The  engineers  and  managers  of  the  several  works,  therefore,  will  have  to  figure 
up  for  themselves,  in  view  of  tbe  local  circumstances  of  their  case  and  the  present 
and  prospective  price  of  timber,  whether  the  ecouoniy  of  artilicial  treatment  is 
sufliciently  attractive  to  induce  them  to  resort  to  it. 

'•The  great  consumers  of  timber  arc  the  railroads,  and  the  managers  of  such  enter- 
prise's have  to  be  governed  by  a  good  many  considerations,  botli  ol"  tinnii(;e  and  of 
exi)e<liency,  be.>iides  those  of  eventual  <'conomy. 

"  Hitherto,  aside  from  the  past  cheapness  (»!"  timl)er.  the  jjrineipal  objections  to  its 
])rei>;irat  ion  agaiust  decay  have  been  the  laclv  ol"  information  as  to  what  results  (M)uld 
be  ct)ntidently  expecte<l,  and  tlu*  conllict  ing  claims  of  the  promoters  of  various  modes 
of  treatment,  each  of  whom  ri  i)resented  his  process  as  al)Solntely  the  best  under  all 
circumstances. 

•'Railroad  managers  nat uraliy  w;int  to  obtaiu  immediate  returns.  They  do  not 
like  to  burden  the  reveuues  of  the  current  year  for  the  b«  nelit  of  future  administra- 
tions, and  they  are  with  reason  jealous  of  every  dollar  that  goes  out  now,  even  if  it 
promises  to  save  $2  or  .$3  in  the  future ;  yet,  now  that  close  competition  requires  every 
possible  economy  to  bo  availed  of,  that  railroads  must  more  largely  depend  upon 
saving  money  in  their  maintenance,  in  order  to  continue  or  to  resume  their  divi- 
dends, an<l  that  companies  in  good  8tan<liug  can  obtain  new  ca[)ital  for  expense- 
saving  appliances  at  U  or  5  ])er  cent  a  year,  the  time  has  probably  arrived,  in  view 
of  advancing  prices  and  scarcity  of  timber.  Avhen  soum;  leading  railroads  will  take. 
8tei)s  to  preserve  it. 

"  Privy  CounciUor  Funk  estimates  that  in  1S7S,  out  of  00,000,000  sleepers  on  the 
German  railroads,  25, 000,0(M)  Avere  impregnated,  and  that  even  Avith  the  extraordi- 
nary length  of  life  stated  for  uni)repar(!d  ties  (13.6  years  for  oak  and  (J.l  for  lir  and 
pine),  had  the  remaining  35,000,000  ties  been  impregnated  there  Avould  have  been  a 
resulting  economy  of  about  $1,000,000  a  year,  or  some  33  per  c(;nt  on  tlie  cost  of 
renewals. 

"This  estimate  is  understood  as  having  resulted  in  a  material  extension  of  tie-])re- 
serving  in  Geruiany,  notwithstanding  the  fact  tliat  metallic  ties  have  already  biM-n 
largely  introduced  in  that  country. 

''As  regards  the  latter,  a  simjde  calculation  sliows  that  the  time  has  not  yet 
arriA-ed  AA'hen  they  can  profitably  be  introcluced  in  this  country.  I'hey  Avill  cost,  laid 
in  the  track,  about  $2. .50  each,  and  Avero  they  to  last  forever  (the  estimated  life  iu 
Germany  is  twenty  to  forty  years)  the  interest  on  the  cost,  at  5  per  cent,  Avould  be 
12A  cents  a  year  a  tie,  or  more  than  tlx;  annual  charge  of  an  unpiej>arcd  Avhite  oak 
tie,  costing  77  cents  in  the  track,  and  lasting  seven  years. 
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(2)  REPORT  OjS^  AVOOD-CRESOTE  Oil..' 

By  AViLLiAM  H.  BixuY,  Captain  of  Engineers,  V.  S.  A., 

Member  of  the  American,  British,  and  French  So.  iciies  of  Engineers;  member  of 
tlie  American  and  British  A.  A.  S. 

[Reprinted  from  liullctin  No.  1  of  tlic  Forestry  Division.  1887.] 


The  sonthern  pine  {Finns pahisiris,  Linn.)  has  already  made  a  Inilliant  record  for 
itself  in  the  past  througli  its  valnable  products  in  the  shape  of  turpentine,  pitch, 
tar,  and  resin;  l)ut  tliere  remains  for  it  a  much  more  brilliant  career  in  the  future 
tbroujrh  its  newer  products,  wood-cresote  oil  ami  pine-leaf  fiber,  the  oil  beiiii;-  used 
nuiiidy  for  i)reservin<;  luml)er,  and  the  fiber  for  the  manulacture  of  ])illo\vs,  mat- 
tresses, and  carpet  nuitting. 

The  wood-cresote  oil  industry  is  at  present  carried  on  in  tlie  f>outh  iiiainly  by  the 
Carolina  Oil  and  Creosoting  t'om])auy  and  Creosote-Lumber  and  Construction  Com- 
pany, of  Wilmington,  N,  C,  and  the  following  «lescri])tion  of  the  ])roduct8  and  proc- 
e.sscs  is  based  ui)on  the  practice  of  the  latter  nmnufactory. 

Creosote  is  a  general  name  ai)plied  to  the  oil  products  obtained  by  the  destructive 
distillation  of  Avood,  coal,  and  other  carbonaceous  fuels  alter  the  temixnature  has 
risen  above  2(X)  or  SOO  I'.  If  ol)tained  by  the  distillation  of  coal,  or  coal  tar,  this 
creosote  is  termed dead  oil,"  or  coal  tar  creosote  oil;  il"  obtained  lioni  the  dis- 
tillation of  wood,  or  wood  tar,  it  is  termed  wood-creosote  oil. 

Ileavy-resined,  "fatty  i)ine"  wood,  subjected  to  a  heat  of  from  200  to  7(itH  F., 
within  cl()s«'d  iron  cylinders,  yields  by  distillation  and  condensation:  (1)  a  wood 
gas;  (2)  a  small  annuint  of  wooil  iiajihtha;  (S)  a  huge  amount  of  pyroligneous  acid; 
(4)  a  large  amount  of  wf)od-creosote  oil;  (5)  a  small  amount  of  wood  bitumen;  and 
(6)  a  laige  ainoiiiit  of  <  li.ircoal.  Nine  i mds  of  good  wood  will  yield  a  lew  gallons 
of  najjlitha  and  Ititiimen,  11  barrels  of  oil,  10  barrels  ol"  acid,  and  1(!S  barrels  of 
charcoal. 

The  wood-creosote  oil  produced  by  this  process  is  a  dark,  brownish,  black  oil, 
slightly  heavier  than  water  (3^  to  4-'  Beaumcl),  with  a  strong  creosote  odor,  and  pos- 
sessing valuable  antisejjtic  ])roperties.  Ui)ou  analysis  it  is  found  to  contain  about 
5  per  cent  of  tar  acids,  about  1.5  per  cent  of  lighter  oils,  and  80  per  cent  of  heavy 
oils,  which  are  ins(dublo  in  ether,  fresh,  brackish,  or  salt  water.  This  oil  is  an 
efticient  poison  to  minute  aniuuil  and  vegetable  life,  and  possesses  an  odor  appar- 
ently intensely  disagreeable  to  such  life;  it  thoroughly  repels  moisture,  and  its  tar- 
acids  possess  the  power  of  coagulating  albumiuons  and  other  fermentable  luatter. 
When  properly  prepared  for  such  use  it  has  been  found  to  be  an  excellent  insecti- 
cide to  bo  employed  on  trees  and  smaller  plants,  especially  for  the  destruction  of 
larva-  attacking  rose  bushes,  as  also  for  destroying  vermin  on  animals,  in  the  cracks 
of  lloors,  and  in  wooden  buildings,  and  oue  of  the  best  possible  oils  for  preserving 
lumber  and  juling. 

Experience  in  England-  and  in  the  United  States  '  is  unanimous  in  agr(;eing  that 
creosoting  is  the  only  reliable  method,  so  far  as  tried,  for  preserving  timber  when 
ex[)osed  to  salt  water  (and  the  Teredo  worm),  or  to  alternations  of  wetting  and  dry- 
ing by  either  fresh  or  salt  water.  This  exi)erience  also  shows  that  the  pre8er\  ation 
of  the  timber  is  due  mainly  to  those  creosote  oils  which  require  over  400°  F.  for  their 
volatilization,  and  that  the  pure  creosote  (with  less  tar  acids  and  with  less  light  oils) 
gives  the  best  results, 

'  See  also  the  paragraphs  on  creosoting  in  Part  111. — k.  k.  R.  t. 

^See  Proceedings  of  Institution  of  Civil  Engineers  for  1885. 

^See  Proceedings  of  American- Society  of  Civil  Engineers  for  188.5. 
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Wood-iTcosotr  oi  1  is  nmcli  less  ex  pi-iisi  s  c.  and  i:i  many  Wiiyn  iniK'lj  more  vnlujiltlr, 
than  t lui  onlinaiN  ilt-ail  oil  or  coal  tar  (  ico^oic  oil  Im  r«>i nloro  iisimI  for  mk  Ij  pnrposrH 
as  tilt' i>ri'si>rvati(>n  iil"  tinilior.  Wood  crt'osoin  oil  contains  all  tin' acids  needed  to 
]»roperly  coaiiiilate  t  lit' al  l)iini«'n  and  sap  \vhi(di  may  ite  left  in  the  timlni,  and  lo 
thoroughly  tlt'sl  ro\  and  prevent  all  In  li  In  r  a  n  i  ma  I  a  ml  \e^elable  life;  it  is  (d"  sncdi 
liatnr*'  that  it  will  penetrate  the  wood  l)olli  deeply  ami  t  hoi  oii<;hl.\  ;  it  contains  a 
lari^i'  i)f()ln)rl  ion  ol"  iiisolnl)le  matter,  and  espeeialls  of  those  oils  which  \(>lalili/o 
only  uiuh'r  a  heat  (d'o\cr  I'.;  and.  l>ein<;  derixcd  from  wood,  it  is  especially 

adapted  to  use  w  ii  h  w  ood. 

In  all  these  ]»a  rt  icu  I.i  rs.  as  well  as  in  its  IcsH  co.st,'  tlu',  rosiiious  wo()d-eie(»sof  e  oil 
is  snpeiior  to  the  Itiinminous  coal-tar  enMisoto  oil  (or  «loart  oil),  an<l.  <lollar  for  dol- 
lar, it  will  Liixe  far  su  perior  resu  1  ( s  in  the  ])r<'serva  t  ion  of  tiinher  from  dolrnction 
and  dcca \  . 

Applied  w  ith  an  ordinary  Inii^h  t<»  wooiUmi  or  nudal  surfaces  of  all  kinds,  two 
coats  of  1  his  oil  ^with  an  interval  of  two  months  Ixjtwecn  tin;  ap])lical  ions)  will 
etfeetually  preserve  these  surfaces  from  wet.  and  dry  rot,  from  rust,  and  i"r(»m  t,he 
attatdvs  of  worms  and  injects.  l'orce<l  into  the  w<k)(1  by  hydraulic  pressure,  t his 
oil  will  lill  all  tiic  pores  of  the  wood  and  extciul  its  coaij^ulatiui;  and  antisejjtic 
clfects  entirtdy  throu<;li  tlio  wood  to  its  very  center.  The  <i;o()d  results  ol)tained  l)y 
the  nse  of  this  wood-creosote  oil  have  been  thorouii^hly  te8te<l  hy  the  experience  of 
live  years  in  Mr.  Mark's  shi])yard,  at  Charleston,  S.  C,  and  at  Mr.  W.  H,  North- 
rop  s  bathhouse,  at  Greenville  Sound,  Jiear  Wilmington,  N.  C..  both  places  being 
sutdi  that  untreated  wood  is  badly  damaged  in  a  single  season  by  rot  and  l)y  the 
ravages  of  the  teredo.  A  log  treated  with  this  oil  and  drivi'n  into  saltwater  at 
Key  West.  I'la.,  iu  October,  1885,  by  the  United  Slates  engineers,  in  February, 
1SS7,  was  found  to  be  nntonched  by  the  teredo,  although  nntreated  logs  Avere 
attacked  l)y  it  in  six  weeks  after  they  were  driven.  Similar  results  were  obtained 
at  about  the  same  time  by  th(^  Tnited  States  engineers  at  Charleston,  S.  C,  and  at 
rensac(da,  Fla. 

The  comparative  invulncrabilty  to  lire  i)()ssessed  l)y  wood  that  has  been  treated 
with  this  oil  has  been  proved  at  tin;  burning,  in  the  i'all  of  188(5.  of  the  Atlantic  and 
North  (  artdina  Jvailroad  wharf,  at  ^lorehead  City,  \.  C.,  where  the  creosoted  fender 
piles  remained  almost  without  damage  by  tin;  lire,  w  hile  the  v.harf  and  shed  next 
to  them  were  burned  dow  n  cntiridy.  Live  coals  and  ordinary  llames  arc  unable  to 
kindle  any  fire  in  wood  impregnated  with  this  wood-creosote  oil. 

'I'he  pyroligneous  acid  jjroduced  during  or  just  before  the  distillation  of  the  wood- 
creosote  oil  is  a  light-colored,  vinegarlike  li(|nid,  slightly  heavier  (4^^  to  70^  Baunic) 
than  water,  and  also  slightly  heavier  than  the  wood-creosote  oil.  This  pyroligneous 
acid,  in  its  crude  and  undiluted  state,  is  an  excellent  and  inexpensive  disinfectant, 
immediately  arresting  putrefaction  and  ]»reventing  any  fiirlher-develo]unent  of  the 
disagreeal)le  and  unhealtliy  odors  arising  therefrom.  It  is  e([ually  if  not  more  elTi- 
caeious  than  carbolic  acid,  as  well  as  being  free  from  odor,  which  makes  that  acid  so 
disagreeable  (at  least  to  many),  and  it  is  nearly  or  (juite  as  (d'ticacious  as  corrosive 
sublimate.  ;ind  is  free  from  the  poi^-onons  (jualities  of  this  chemical.  It  is  an  excel- 
lent remedy  for  skin  diseases  in  animals;  jiiakes  good  vinegar  and  alcohol,  and  is 
said  to  preserve  meats  lor  an  indeliuit*;  time.  As  a  disinfectant  it  has  been  use<l  in  ' 
large  <iuantities  and  with  great  success  iu  the  streets,  stables,  privies,  etc.,  of 
^^'ilmingtoIl.  N.  ( '.,  under  dii  eci  ion  ol"  t  lie  city  authorities. 

The  charcoal  j^rodiieed  by  this  ])rocess  is  one  (d'  (im^  (|uality  and  of  remar]<ably 
even  texture,  well  adapted  lor  use  in  the  simd t ing  of  iron,  as  wcdl  as  for  ordinary 

'  It  is  to  be  regretted  that  the  cost  of  treating  wood  with  this  wood-creosote  oil 
has  not  been  given,  so  as  to  a<lmit  of  a  conii>arison  on  a  financial  basis  with  the 
])roces8es  outlined  by  Col.  Flad.  An  ellort  to  obtain  the  same  has  so  far  proved 
unsuccessful. — \\.  w.  w 


284 


PRESERVATION    OF   ^YOODEN  TIES. 


fuel.  When  finely  jiulverized  (as  at  the  Wiliuiiigtoii  works)  it  can  be  advantage- 
ously used  in  the  place  of  lampblack  in  the  manufacture  of  paintu  for  the  preserva- 
tion of  wood,  as  also  for  the  preservation  and  insulation  of  metals. 

As  Avill  be  seen  from  the  above  the  most  important  product  of  the  distillation  of 
pine  wood  is  the  wood-creosote  oil.  and  the  most  important  use  (commercially)  of 
this  oil  is  as  a  preservative  of  timber  and  lumber. 

The  general  features  of  the  process  of  distillation  and  snbse(|uent  use  of  this  oil 
are  as  follows : 

Ordinary  "light  wood''  (or  "fatty  ])ine"  wood)  is  cut  up  into  sticks  of  about  4 
feet  in  length,  and  about  5  cords  of  these  sticks  closely  packed  inside  of  a  large 
cylindrical  iron  retort.  The  doors  of  this  retort  are  then  closed  and  hermetically 
sealed.  A  fire  is  then  built  in  the  furnace  under  the  retort,  and  the  heat  and  Hames 
are  directed  as  uniformly  as  possible  all  around  the  outside  of  the  retort.  As  the 
temperature  inside  the  retort  increases  from  100^  to  700^'  F.  the  licjuid  and  some  of 
the  solid  portions  of  the  wood  are  converted  into  gas  and  vapor,  and  pass  out  of  the 
retort  through  a  copper  "  worm''  inclosed  in  a  cold-water  tank  and  are  collected  in 
the  form  of  wood-gas,  naphtha,  acid,  and  oil.  When  tho  oil  ceases  to  run,  the  fires 
under  the  retort  are  i)ut  out,  the  bitumen  is  drawn  off  through  a  tube  coming  from 
the  bottom  of  the  retort,  and  the  latter  is  then  allowed  to  cool  ott'.  As  soon  as  i)os- 
sible,  therefore,  the  tloors  of  the  retort  are  opened  and  the  charcoal  raked  out.  'I'he 
operation  is  thus  linished,  and  tiie  retorts  are  ready  for  a  fresh  charge. 

Timber  and  luml>er  which  is  to  l)e  treato<l  with  this  oil  must  1)0  first  jjrepared  to 
receive  it.  Timber  is  taken  directly  from  the  river  by  large  derricks,  is  landed  on 
the  wharf,  is  stripjied  of  its  bark,  and  then  exjjosed  to  the  sun  for  a  week  or  ten  days 
to  dry.  At  the  end  of  tliis  time  it  is  jdaced  (one  stick  at  a  time)  on  trucks,  is  rolled 
into  the  carbonizing  cylinder,  is  tliere  exposed  from  about  ten  to  twenty  minutes  to 
an  intense  radiated  heat,  and  is  then  withdrawn  charr»Ml  to  a  dej)th  of  one-iourth  of 
an. inch,  thoroughly  dried  to  a  depth  of  three-fonrths  ol"  :in  inch,  nnd  llioronghly 
heated  to  a  depth  of  several  inches. 

The  carbonizing  cylinder  consists  of  a  wrought-ir(»n  cylindi  ic.il  lube  about  21  feet 
long  by  2K  inches  in  <liameter,  set  in  a  brick  furnace,  fired  .it  the  snle  and  midway 
of  its  length,  the  cylinder  being  brought  to  a  ])roper  and  iiiiirorm  lieat  mcaiis  (d' 
a  w<»od  lire,  tlu^  heat  and  flauu's  of  which  ])ass  by  vertical  and  horizontal  lines  along 
and  all  around  the  cylinder.  The  cylinder  is  further  i»rovided  with  a  small  railroad 
track  and  iron  cariiage  on  the  inside,  for  the  <'onvenient  handling  of  the  timl>er. 
Sawn  lumber  is  not  usually  charred,  but  is  sometimes  kiln-dried  or  semicharred; 
tin-  objection  to  the  chairin;;  being  that  it  destroys  the  sharj)  edges  of  the  lumber. 
The  charring  or  carb«>nizing  of  the  ])rocess,  therefore,  consists  in  taking  the  timber 
and  subjecting  it  to  a  dry  radiant  heat  within  the  suitable  cylindrical  surfaces  in 
such  maniuM"  as  to  drive  out  of  the  timber  most  of  its  sap  and  albuminous  matter 
(ordinarily  about  .">  i>onnds  to  the  s«inar<i  foot),  drying  the  inside  of  the  timber, 
charring  its  outside,  and  leiiving  the  wood  with  its  ]>ore8  open  and  in  condition  to 
be  completely  filled  with  the  wood-creosott,'  oil  thereafter  applie<l  to  it. 

Charred  timber,  once  thoroughly  carl)onized,  will  not  crack  under  snbse(|nent 
exi)Osure  to  the  snn  and  air.  If  further  properly  treated  with  wood-creos<)te  oil  it 
will  withstand  all  attai'ks  of  atin<»si>here,  moisture,  and  animal  life,  and  will  last 
ibr  years  anywhere. 

This  jirocess  for  carbonizing  and  «  ieos«)ting  timber  is  such  that  it  does  not  injure 
the  fiber  ot  the  interior  of  the  wood.  It  is  one  of  the  simplest,  chea])cst,  (juickest, 
most  effective,  and  most  successful  processes  so  far  known  for  artificially  seasoning 
and  jireserving  wet  or  green  timber,  in  cas<;s  where  the  want  of  time  or  money  do 
not  allow  a  thorough  natural  seasoning  of  at  least  six  months'  exposure;  to  the 
atmosi>berc.  Although  other  and  improperly  applied  methods  of  dry-heating  and 
aftcr-cref»soting  may  reniler  timber  brittle  under  the  ]>ile  driver,  none  of  the  timber 
so  far  carbonized  and  wood  creosoted  has  proved  objectionable  from  this  cause.  On 
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till-  font  r.lIV,  tll(>  wood  cirnsott'  icstolcs  11h>  I  oil  i;  1 1 II  rss  (■|;istMil\   (o  tlic  cli.i  ncd 

w  (lod,  -^o  that  till-  iiicl  liod  ha-;  l^iv  oil  ^^rciit  sat  is  lac  I  ion  \\  In-ifv  i  r  iixd,  as,  lur  cxain- 
|dc,  at  \-|)iii\\  all,  raiiaiiia.  iiiidi  r  (lie  I'aiiaiiia  (anal  (  DiiiiiaiiN  ;  and  a!  (  '  liailcsl  mi, 
S.  ('..  iiiidiT  the  Noll  licasi  (Mil  Iviilioad  ('oiii|)aii\;  in  liotli  ca-rs  under  circiiin- 
.■>laiufs  e\tivii,.dy  iiiifav  ma  hie  to  I  lie  life  of  tli«'  tiinl>er. 

Allfi  the  \\ooil  has  heeii  earl>oni/ed  or  kiln  dried  il  is  loaded  ii|Min  liiud.s,  whieli, 
with  their  load,  are  i(dled  into  the  ereosoiiiiL;  cn  lindcrs,  respect  i \e|y  of  »>.">,  7."),  and 
left  ill  length,  eai  li  with  a  diaiiicter  of  (>  feel.  'IMie  doors  of  the  creosot  ini;  ivliii- 
«lei'  ai  e  I  hell  (  lo>ed  for  iVoiii  I'oii  r  to  ti  It  ecu  lioiiis,  d  ii  ri  ti  w  h  i(di  t  inic  the  t  cni  |  (era  I  ii  1 1; 
w  itliin  I  h(«  e\ linder  is  raised  1)\  (lr\  heat  to  from  lid  (oKiO  l'\ ,  a  \acii  ii  m  id'  from 
II  to  ■_' 1  iiiehes  is  ke|)t  ii]*  liv  niraiis  ol"  a  \aeiiiim  ])iiiii|).  and  the  sa|»,  alluiineii,  and 
ot  her  i  mpii  11 1  ies  a  re  t  h  lis  I  hmoii^hl  \  ('\ I  ract  ed  I'rom  tin-  wood  and  |iiiin)ied  oiil  ol' 
the  ('\  linder. 

■|"he  vaeiinm  |Mimi»  is  I  hen  stopped  and  a  force  ])iiiiii)  put  to  \\ork,l)\  \\  lii(  li  the 
<\linderis  tilled  willi  hot  w  ood-creosotti  oil,  under  a  jiicsMire  of  t'rmn  lio  to  KK) 
]M)iiiids  |.er  s(jiiare  im  li,  this  pressure  Ifcino-  constant  iVoin  four  to  ei^lit  hours, 
aeeordiiii;  to  (■ireiimstanec>.  jly  I  h is  ji.art  ol' the  jtroccss  <Voni  S  t o  I'O  pounds  of  oil 
are  loreed  iii!oea<']i  enhie  toot  of  wood.  The  pressure  is  then  relaxcid;  the  iinah- 
sorlied  oil  i--  then  run  off  into  outside  tanks,  the  doors  (d'  the  cylinders  o])ene(l,  and 
the  inipreuna  led  limlier,  still  on  its  trii(d<s.  is  rolled  out. 

This  tiealnieiit  with  w  o.  m1 -creosot  c  oil.  as  above  described,  has  bi;en  favoraidy 
reported  upon  (.March  IS.  issd)  ])y  a  special  board  of  United  States  Navy  otlicers; 
and  t lie  wood  so  treated  has  had  an  extensive  use  already  upon  the  Governineiit 
wharf  at  (  haiieston,  S.  ( '.,  at  t  he  Jet  t  ies  a t  Port  ICads,  iu  the  M.  T.  and  E.  P.  1  ncliiied 
Kailway  at  ("i  ncinnat  i,  ()liio,  as  widl  as  in  many  other  h^ss  im])ortant  ]daces  and 
slnictiires. 

rreatmeiit  w  ith  this  oil  is  esiiecially  valuable  to  wood  that  is  to  be  used  in  the 
consiinction  of  bath  houses,  wharves,  docks,  (piays,  piers,  railroad  bridges,  railroad 
ire>tlcs.  wooden  paNcnients,  Hats,  lighters,  scows,  ship  spars  and  masts,  shi])  decks 
and  bidtonis.  or  used  in  railroad  cross-ties,  fouu<hition  sills  for  houses,  piazzas, 
]iorches,  lloors,  fence  jiosts,  and  t(degraph  poles.  No  cases  have  yet  Le<'n  discovered 
where  either  mt  or  teredo  has  attackc!d  wood  that  was  thoroughly  impregnated  with 
this  wood-creosote  (dl. 


ADDENDA  TO  APPENDIX  No.  1. 


By  B.  E.  Ferxow. 


DESCRIPTION  OF  VARIOUS  METHODS  OF  IMPREGNATION  AS 
PRACTICED  m\  THE  PPJJSSIAN  RAILWAYS. 

It  may  be  of  interest  to  note  in  detail  the  methods  practiced  in 
preserving:  railway  ties  for  the  Prussian  railway  service.  Throuj^h  the 
kindness  of  IMr.  Holbein,  manager  of  the  Juls.  Rnetgers  Preserving- 
Works,  whicli  iinpreiiiiate  most,  if  not  all,  of  the  tics  of  tlie  Prussian 
railways— of  tlie  0(),U()().(H)()  ties  annually  laid,  •48,000,000,  or  two-lifths, 
are  treated — we  are  enabled  to  print  tlie  specifications  as  agreed  upon 
between  the  laih'oad  niitlioritics  nnd  the  iiiipre,i;iiatin,i''  works,  as 
foUows:' 

A.  — Imi'I:i:(;n A  rioN  wiiii  (  iii.okidi;  oi'  Zinc. 

The  process  is  dividi'd  into  three  o])eriitions :  (1)  The  steam  iu<jf;  (2)  the  estahlisliinent 
of  a  vaciinin;  (H)  th»'  admission  of  the  solution  of  ehh)ride  of  zinc,  with  application 
of  a  pressure  pump.  The  ties,  on  iron  trucks,  are  run  into  the;  cylinder,  which  is  closed 
air-tight,  and  are  exposed  to  the  inlluence  of  steam  in  order  to  remove  or  make 
innoxious  the  sap.  which  is  apt  to  ferment,  as  well  as  to  prepare  the  wood  for  the 
imprer;nating  liquid.  The  steam  has  in  a<ldition  the  object  of  facilitating  the  recep- 
tion of  the  greatest  possible  amount  of  the  li(|uid,  for  which  purposes  it  is  necessary 
that  the  outer  surface  of  the  cross  section  be  softened  a;nd  the  hardened  sap  at  this 
cross  section,  which  freiiuently,  in  combination  with  sand  and  dust,  forms  a  coating 
impenetrable  for  11  u ids,  be  renjove<l. 

According  to  the  season,  the  condition  and  species  of  the  wood,  tlie  steaming  must 
be  continued  for  a  longer  or  shorter  time.  The-  introduction  of  the  steam  from  the 
boiler  into  the  imi)regnating  cylinder  is  to  be-  conducted  in  such  a  manner  that  the 
steam  pressure  in  the  cylinder  m;i\  k-mcIi  \}.  atmospheres  (21  pounds)  in  thirty 
minutes. 

'Jules  Ruetgers  Preserving  Works. — This  firm  has  impregnated  during  they  ears 
]S  19-1801  not  less  than  170,000,000  cubic  feet,  in  which  amount  over  42,000,000  ties 
of  oak,  pine,  and  beech  are  represented.  In  1891,  1,769,1.5.5  ties  Avere-  treated  with 
chloride  of  zinc  and  creosote,  and  48.5,730  with  tar  oils  alone.  Altogether  the  method 
of  employing  zinc  and  creosote  together  seems  to  find  more  application  than  the 
others,  the  greater  expense  being  oHset  by  greater  durability.  With  the  coming 
year  (1895)  all  the  pine  ties  nsed  by  the  Prussian  railroads  will  be  impregnated  with 
this  process.  According  to  the  report  of  one  of  the  railroads,  of  171,000  treated  pine 
ties  laid  in  1885  only  29  had  become  unserviceable  up  to  1894,  and  these  were  not 
rotted. 

286 


iMi'in-'o NATION  wrni  ciii.okmdi:  oi*  zixc  2S7 

W'itli  (lr\  ]>iiir  aiitl  oak  tii-s  it  is  sii  llif  im  I  lo  ma  i  ii  t  a  i  n  lliis  |ircssiiic  in  llir  c  v  I  i  iidcr 
I'd  I  thirty  mi  ii  ii  tcs  nmic     Willi  i  Vcsli  pine  and  oa  Iv  I  ics  the  dn  ra!  mn  nl' t  In-  si  ram  in 
niii>l  111'  |»i  (ili>ii<xrd  in  inoport  ion.     ll  would  I  a  K  r  longer  I  inn;  lur  ( he  st  ca  m  picssn  ic 
to  rcaidi  I  lir  1    at nn>s])hiTfs  in  the  <  \  lindci-.  and  its  prcssnrc  ninsi  In-  maintained  lor 
(tnt-  Inmr  longer. 

Tlie  steaming  lasis.  i  InTetorc.  with  dry  woods  at  least  one  hour,  while  with  wet 
woods  it  must  lir  prolonufd  t  o  oiu'  and  oue-hall'  honi  s  or  nu » re.  accord  i  ii<^  to  t  lie  time 
ncc(s>ar\  to  luinu  the  incssnrc  in  the  cylinder  (o  I'.  ;it  nuts)dieres.  With  lieech 
w  ood,  no  ma  1 1  el  whether  d  ry  or  I  VcnIi  w  ood  is  nscd ,  tin-  st  eaini  n  i;'  is  1  o  he  continued 
tor  tlncc  hour-,  under  pressure  ol'  I',  atmospheres,  so  that  tli<>.  heati  n.'j, ol'  the  wood 
in  all  pails  to  100  {'.  is  assured.  The  existonco  of  the  prescribed  pr<'ssure  will  he 
indic  ated  li\  a  m.inoiueter  connected  with  the  cylinder. 

At  the  Ite^iuiiMiL;  ot"  the  steainin^-  a  d<»or  at  the  lower  side  ol'  the  cylinder  is  to  be 
o])en»'d  in  order  to  permit  tlie  dri  vin<;"  out  of  the  air  in  the  cylinder  iiiif  ii  steam  issues. 
This  same  ap(  it  ure  will  In-  opened  durin<^  the  steaming  from  t  inie  to  time,  according 
to  the  ])rogress  of  condeiisat  ion  of  the  steam,  for  the  purpose  of  releasing  the  water. 
\Vln'n  the  steaming-  is  lin ished  the  steam  is  allowed  to  esca]»e,  and  a  vacnnin  of  at 
least  60  centimeters  meicury  isestablished  and  is  maintaincid  for  thity  to  sixty  min- 
utes, according  to  win  tin  r  dry  or  fresh  wood  was  used. 

After  this  time,  w  ith  continued  vacuum,  the  solution  of  chloride  of  zinc,  warmed 
to  I).")  f.  or  more,  is  allowed  to  cuter  the  cylinder  under  the  atmospheric  pressure 
until  it  is  lull.  Then  t  lu^  pressure  ])ump  is  applied  to  produce  a  pressure  of  Jitmos- 
jiheres  for  the  tinu^  ol  at  least  sixty  minutes,  when  the  i)ressure  is  no  longer  n(!cessary, 
under  the  instructions  regarding  the  strength  and  quantity  of  li(iuid  to  be  injected. 

After  this  operatiou  the  liquid  is  allowed  to  run  out. 

The  chloride  of  zinc  used  for  the  purpose  must  bo  as  miicli  as  i)OSsible  free  iVom 
foreign  substances,  especially  from  an  excess  of  acids,  and  at  ]4^'  E.  must  show  a 
strength  of  3  Heaume.  To  control  the  perfect  im])regnation  with  chh)ride  of  zinc, 
It  is  agreed  tliat  a  dry  tie  of  round  0.  KM  cubic  meter  contents  shall  take  up  at  least — 

Kilograin.s. 

(a)  for  jiine  wood   80 

(ft)  For  oak  wood   10 

(c)  For  beech  wood   -SO 

.\nd  that  an  air-dry  tie  of  about  0.090  cubic  meter  cont(!nt8  shall  take  uj)  27  kilo- 
grams, while  air-dry  timber  is  to  take  up  per  cubic  meter  (35.3  cubic  feet) — 

Kiloi^raiiis. 

((()  Fine  wood  (!!•  pounds  per  cubic  foot)   300 

(ft)  Oak  wood  (()iV  pounds  per  cubic  foot)   100 

(c)  Beech  wood  (19  pounds  per  cubic  foot)   3(X) 

If  th(!  anu)unt  of  hi|uid  required  can  not  be  injected  in  the  manner  i)reserii»ed 
because  the  wood  was  too  green  or  exceptionally  dens(^,tlie  licfuid  is  to  be  strength- 
ened 111  such  a  maniuu'  that  the  proper  amount  of  water-free  chloride  of  zinc  is  taken 
up  as  prescribed,  namely,  that  to  be  contained  in  a  'S^  IJeaume  li(|uid. 

From  this  it  follows  that  when,  for  instance,  only  200  kilograms  can  be  introduced 
into  th<5  1  cubic  meter  of  ]uno  wood,  the  chloride  of  zinc  bath  must  bo  made  i-^'-' 
Fjeaum6.  The  samples  of  chloride  of  zinc  for  test  shall  be  taken  when  issuing  from 
the  safety  valve.  When,  according  to  the  test,  a  strengthening  of  the  fluid,  b\ 
means  of  a  bath  of  concentrated  chloride  of  zinc,  has  become  necessarv,  the  tluid  of 
the  prescribed  strength  must  have  been  in  the  cjiinder  for  at  least  one-half  hour. 
The  determination  of  the  <piantity  injected  into  the  woods  shall  be  made  by  weigh- 
ing the  woods  <lirectly  befor<;  and  after  the  impnignation,  assuming  that  the  difier- 
ence  of  weights  show  the  f|uantity  of  li(|Uid  injected. 

Any  deticiency  in  tin-  weight  will  be  deducted  at  the  rate  of  2.")  pfennig  per  10 
kilograms  chloiide  of  zinc  iujuid  of  3  Beaum(5. 
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B.  — Imphegnatiox  with  C'iilokidk  of  Zinc  under  addition  of  ''Carbolic 

Acid  Tau  Oil.  "    (Coal  Tar,  Creosote  Oil,  or  "Dead  Oil.") 

The  impreg^nation  is  carried  out  in  the  same  manner  as  prescribed  for  the  chloride 
of  zinc  process,  and  all  prescriptions  for  this  process  remain  the  same.  In  addition, 
during  the  heating  of  the  chloride  of  zinc  solution  there  are  added  for  each  tie  2 
kilograms,  or  for  each  cubic  meter  of  wood,  20  kilograuis  of  tar  oil  {1}  pounds  per 
cubic  foot),  containing  20  to  25  per  cent  of  creosote  or  carbolic  acid.  The  contents 
of  sour  oils  (creosote  or  carbolic  acid)  will  be  detenuiucd  by  their  solubility  in  an 
alkaline  licjuid  of  1.15  specilic  gravity. 

The  mixing  of  the  tar  oil  with  the  chloride  i»f  zint-  is  etVected  by  a  serviceable 
mechanical  mixer  under  injection  of  steam. 

C.  — lMrKE<;NATi{).\  W  illi  (  AKUoi.if  Ac'iD  Tar  OiL  (  "  Dead  Oil")   with  use  of 

THE  Dm-KiLN. 

This  i)rocess  is  carried  ou  iu  tlirt'f  stages:  (I)  The  (li  ving  (»f  the  tics  iu  the  dry- 
kiln;  (2)  the  establishment  of  a  \acuum;  (S)  the  iuiroductiou  of  the  tar  oil  ami 
apidicatiou  of  the  ]>ressure  puni]). 

The  ties  and  timbers  are  run  on  iron  trucks  into  a  \vell-constructe«l  dry-kiln,  in 
which  they  are  exposetl  to  a  gradually  rising  temperature  up  t«)  llO*-^  C.  for  at  least 
eight  hours,  until  no  water  vapors  escai)e  and  the  timbers  are  evenly  heated.  Al  ter  this 
drying,  the  ties  are  at  onct^  transported  whih;  hot  into  the  cylinder,  which  is  there- 
upon closed  hermeticall,\ . 

Then  a  vacuum  of  (50  cm.  mercury  is  established,  which  should  l>c  attained  within 
thirty  minutes  an<l  is  to  be  niaintainc<l  lor  thirty  minutes  more. 

After  this  tinn'  the  cyliiidei-  is  filled  with  carbolic  acid  tai-  oil  uiid<u-  constant 
aiiplication  of  the  air  puin]». 

After  the  cylinder  is  filled  a  pressure  of  (i;!  atniosi)heres  above  the  outer  air 
pressure  is  established  by  the  ])ressure  ]>ump  and  kei)t  up  for  at  least  sixty  minutes, 
when  a  continuation  of  the  i)ressure  is  not  any  more  needed  to  effect  the  i>rescribed 
injection  of  the  tar  oil. 

To  control  tin?  complete  im])regnation  of  the  wood  with  tar  oil,  it  is  agreed  that 
an  air-dry  normal  tie  of  0.101  cubic  meter  contents  nuist  take  iij)  in — 


Kilograms. 

(a)  i»ine  wood   20 

(b)  oak  wood   8.  5 

(c)  beech  wood   25 

while  timbers  and  other  dimensions  of  air-diy  ties  iint      tak(^  u]>  ])er  cubic  meter: 

Kilograms. 

(a)  in  i)iiie  wood  (  12  ])()iinds  jter  cubic  foot)   200 

(h)  in  oak  wood  (IV  ])oiinds  per  (-iibic  foot)   85 

(c)  in  beech  wood  (15  pounds  ])cr  cubic  foot)   250 


To  determine  the  (|uantity  of  tar  oil  taken  up,  the  ties  are  weighed  first  after  the 
kiln  drying  and  again  after  the  impregnation.  The-  difference  in  weight  gives  the 
quantity  of  tar  oil  taken  u]). 

Should  it  be  found  that  the  amount  of  tar  oil  injected  remains  less  than  five-sixths 
of  the  prescribed  quantity,  the  impregnation  must  be  repeated.  The  quantity  of 
tar  oil  fiually  deficient,  according  to  the  test,  will  be  deducted  at  the  rate  of  10 
marks  per  100  kilograms. 

The  oil  derived  from  coal  tar  must  not  contain  more  than  a  minimum  of  light 
volatile  parts.  The  oils  must  be  so  heavy  that  the  boiling  point  shall  lie  between 
180-  and  400^  C,  and  mostly  over  235-  C. 

The  contents  of  sour  ingredients  (creosote  or  carbolic  acid),  soluble  in  concen- 
trated alkali  solution,  must  be  at  least  10  per  cent.  The  oil,  in  spite  of  the  high 
boilingpoint,  must  be  liquid  at  25-"  C.  and  free  from  solid  C' smeary  ")  ingredients 
to  such  an  extent  that,  when  poured  upon  a  cross  cut,  it  penetrates  immediately 


oi'iNioN  or  i>i:.  iii:k'M.\\n  Koi.m:. 

williniit  li'a\  iiiLi        t  liinLJ  l>Mt  :ni  nils  rcsiiliu-.     A I  tin-  liiiir  lln-        oil  iiiii^t  Ixj 

of  siirli  ;i  itiiidil  ion  lliat  Mltrr  iiii|irrmi.il  ion  it  will  l>.iir:irly  cnliiriy  i  rl  .11  ikmI  hy 
t  lie  \s  (toil .  It  11111-^1  not  con  1 .1  in,  or  on  I  \-  in  si  11:1  II  <  |  n  ;i  n  ( i  I  ics,  01 1  >  of  ;i  sprci  lie  nr;i  \  1 1  y 
Im'Iow  O.ltL'.  w  hilc  the  siiicilic  Ui:t  vit>  o|'  the  oil  1 1  ,scl  f  in  nsl  not  «\i  rf<|  1  ((S, 

riierr  ni:i>  l»r  addrd  to  the  <<);il  t;ir  oils,  oils  dcri\cd  iVom  itinwii  co.il.  t  nil.  or 
\v«)od  lip  to  ■_'•">  !>«|-  (cnt.  it'  the  same  coni-siiond ,  in  the  (|  iia  1 1 1  ics  iccitrd.  to  tlic  (oa/ 
tar  oil. 

Ai.  l^\ll.\\  A^   M  AN  \<ii;Mi:N  I , 
Hi:i:si.Al  .  Mitnh  .'.'>,  tSS7.  CruliUnd 

l  lif  {  'on  I  i;  a(  I  ( 

r.ri;iiv.  MorcU  IS,  ISS7.  .h  i.^.  h' r  1: 1  ( ;  i;i;s. 

'I'lic  follow  iiii;  ••expel  (  opinions"  rc^nrdi iii^'  the  two  iiiclliods  of 
imprcuiidtioii  w  ith  cliltnidc  (►('  zinc  and  tar  oils,  whicli  were  rccciNcd 
tlii'on-li  tlic  kiiidiicss  of  Mr.  I'\  Holbein,  niana.u'er  of  the  rlnls.  Iviict- 
m'ls  I mprciiiiat ion  Works,  still  hold  ^"ood,  althong'h  more  than  twciitN' 
years  old,  and  are  so  clearly  expi'essed  that  their  reproduction  iieie 
will  not  he  co!isi(U'red  out  of  place: 

Oi'iNioN  ,)!■  lli.i;\iANN  K(>i,i{i;,  A  f  Liai'ZKi,  K*i,(;Aia)i\(i  1  Mi'Ki;(iNA  riox 

W  illi   C'HI.OKIDK  OK  ZlXC. 

riir  (lirtM  tor\  (d'  the  1  .td 1  )res(lou  Railway  Company  lias  asked  mo  to  express 
an  t  xprrt  opinion  as  to  wludlicr  the  usefulness  of  wood  imprefi^nation  is  sciontiiic- 
a]l\  tcnabli';  and  if  so,  how  the  rotting  of  wood  is  impeded. 

I  lie  iinpreLrnation  of  wood  has  for  its  object  to  impede  tlie  rottiiii;*)!'  the  same; 
that  is,  makf  ihc  i)ro;;ress  of  rotting  slower,  or  to  dtday  it  at  least  for  a  longer  time. 
This  ohjet  t  would  lie  attained  in  the  most  complete  manner  if  the  material  used  for 
impregnation  lomi  with  the  wood  fiber  chemical  compounds,  whicdi  arc  not  any 
more  subject  to  Kit,  about  in  the  manner  in  wliieli  tlie  easily  rotting  animal  skins 
combine  \\\\\\  the  tannic  acid  into  rot-resisting  leather. 

The  substances  which  arc  mostly  used  for  impregnation  of  wood — (diloride  of  zinc 
and  creosote — do  not,  as  far  as  our  experience  goes,  have  this  propert\ ,  and  rlicrc- 
tbre  have  been  by  many  considered  useless  for  the  purpose. 

1  can  not  agree  to  this  opinion  after  having  examiiuul  the  iinprcunation  wdrks  at 
Dresden  and  having  chemically  analyzed  the  ties  impregnated  with  (  hloridc  of  zinc. 

The  wood  fib«T  itself  is  a  substance  but  little  affected  by  rot.  It  is  the  nitroge- 
noiis  albuminoids  found  in  tlie  wood  which  are  subject  to  rot,  and  tiieicfori'  the  lirst 
oliject  of  w  ood  i)r(  ser\ at  ion  consists  to  remove  these  albuminoids  or  make  them 
iucapabh;  of  8Ui)portiiig  rot.  To  do  this,  the  impregnation  ])rocess  itself  is  ])rcceded 
by  another  process,  naiiKdy.  the  steaniiiii;.  in  w  hicdi  the  ties  ar<^  e\])osed  in  large 
i  roil  ly  I  i  nders  I'or  a  few  hours  to  the  i  11  ll  in-iiee  o  I"  --I  ea  111  i  11 .  wheichN  a  pa  1  I  of  the 
allniminoids  are  lca(die(|  out  ami  the  remaining  jiait  coaunlaied.  The  aHninicn, 
easily  solnbh'  in  warm  water,  has  the  {)ro]>erty  of  becoming  iiisol nltlc  \\  i t  li  high 
temperatnn?,  even  bidow  the  boiliniC  point  of  w  ater,  i.  e..  to  coanillate.  w  hereby  it 
also  loses  the  capacity  of  <'asil\  loitiim. 

neneo  the  opinion  has  existed  that  the  ties  need  only  l>e  thorouuhl;.  steamed, 
l.xperienco,  however,  has  md.  furnished  satisfactory  basis  foi-  tliis  opinion.  i  hc 
timbers  wlTudi  all- onl\  steanied  do  not  resist  the  i-ot  an  \  bm  Lrer  t  ha  n  those  whndi 
ha\  e  not  been  operated  iijion. 

This  is  easily  explained  by  tin;  ol)servati<ui  that  albumen,  coagulated  l»y  heat, 
rettirns,  under  the  inlluence  of  moisture  and  air,  with  time  again  into  the  cf>iiditi(ui 
in  whi(di  it  does  not  resist  rot.  It  is  here  that  tlK-ieal  inipreunat  ion  ln'comes  of 
importance.  S(?veral  (dieniical  niatei'ials.  anionu  w  hich  the  chloride  (d  zinc  takes  a 
prominent  phice.  have  thepidpeit\  inconta<  t  with  the  suitstances  liable  to  rot  to 
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preserve  the  same  from  rotting.  The  best  known  chemical  in  this  respect  is  the 
creosote,  small  quantities  of  which  are  found  to  conserve  meat  and  to  protect  this 
substance,  rich  in  albumen,  for  a  long  time  against  rot. 

If  wooden  ties,  after  being  dried  and  steamed,  are  impregnated  with  creosote  or 
chloride  of  zinc,  and  these  substances  come  into  contact  with  the  material  capable 
of  supporting  rot,  especially  the  albumens  coagulated  by  the  steam,  they  preserve 
these  against  decomposition  reliably,  so  long  as  any  antiseptic  substances  remain  in 
the  wood. 

Since  the  chloride  of  zinc  is  a  salt  easily  soluble  in  water  and  does  not  enter  into 
an  insoluablo  compound  with  the  wood  libor,  it  must  result  that  the  ties  impreg- 
nated with  this  substance,  if  left  to  lie  in  moist  soil  exposed  to  changes  of  weather, 
are  leached  out  gradually  and  become  poor  in  chloride  of  zinc,  until  finally  all  chlo- 
ride of  zinc  is  washed  out. 

From  this  time  on  the  coagulated  albumen  ceases  to  resist  rot,  and  gradually  tlie 
decomposition  attacks  the  wood  liber,  and  the  ties  lose  their  solidity. 

The  chemical  analyses  of  the  pieces  submitted  by  the  railroad  company,  namely, 
one  freshly  impregnate<l  tie  and  one  which  has  been  lying  iu  the  groimd  for  five 
years,  showed  the  following  results: 

(1)  The  freshly  impregnated  tie  did  not  (  ontain  cliloride  of  zinc  at  the  core  or  iu 
the  parts  stirrouuding  the  same.  As  the  examination  progresses  outward,  and  the 
narrower  the  rings  become,  the  richer  is  the  wood  in  that  salt. 

(2)  From  the  piece  of  the  tie  which  had  been  laid  five  years  the  chloride  of  zinc 
is  almost  entirely  washed  out,  only  on  the  outside  quite  small  (quantities  may  still 
be  found. 

From  these  observations  and  other  experiences  with  ties  impregnated  with  chlo- 
ride of  zinc,  and  not  impregnated.  I  have  come  to  the  conviction  that  the  iiMi)reg- 
nating  of  pine  ties,  which  are  here  in  question,  if  the  wood  is  otherwise  of  normal 
condition,  essentially  increases  the  durability,  and  I  do  not  think  that  I  am  in  error 
if  I  state  that  the  normal  pine  ties  impregnated  with  chloride  of  zinc  resist  the  rot 
much  longer  than  such  ties  not  impregnated,  and  just  so  much  longer  as  the  time 
during  which  still  a  jtart  of  the  chlori<le  of  zinc  is  retained  by  them.  When  this  is 
washed  out  the  albumen  in  the  wood  begins  gradually  to  rot  and  to  communicate 
this  process  of  disintegration  to  the  wood  lil)er  just  as  much  as  in  the  iionimi)reg- 
nated  tie,  in  which  only  the  decomposition  takes  place  from  the  start. 

That  in  impregnating  pine  wood  the  ]i<|uid  does  not  reach  the  core  of  the  tie  is 
due  partly  to  its  greater  density,  partly  to  its  contents  in  resinous  matters,  which 
resist  the  i)euetrations  of  watery  solutions. 

On  the  ground  of  these  observations,  I  believe  that  the  question  whether  wood 
impregnation  is  of  use  and  scientifically  demonstrable  should  be  answered  in  the 
aftirmative. 

Finally,  I  take  the  lil)erty  of  i)roposing  a  new  plan  for  the  better  preservation  of 
wood  by  the  process  r»f  imi)regnation,  namely,  to  the  efi'ect  that  there  might  be  added 
to  the  chloride  of  zinc  solution,  which  by  necessity  is  always  very  weak,  some  raw 
carbolic  acid,  a  substance  not  verj'  soluble  in  water,  but  onl^'  so  much  of  it  as  the 
chloride  of  zinc  solution  is  capable  of  taking  up.  This  addition  would  increase  the 
cost  of  impregnation  only  very  inconsiderably.  The  antiseptic  effects  of  the  car- 
bolic acid  (creosote)  being  decidedly  gi-eater  than  of  the  chloride  of  zinc,  and  the 
former  being  very  much  less  soluble  in  water  than  chloride  of  zinc,  it  is  to  be  ex])ected 
that  by  the  addition  of  carbolic  acid  the  rotting  in  the  wood  containing  it  would  be 
impeded  longer  than  without  the  same. 

Leipsic,  April  17,  1872, 

Opinion  of  Fiior.  Hlasiw  ktz,  of  the  Polytechnical  Institute,  Vienna. 

In  response  to  the  request  of  Mr.  Gnido  Ruetgers  to  give  an  opinion  whether 
impregnation  of  railway  ties  with  the  solution  of  chloride  of  zinc  and  an  additifm 
of  a  certain  quantity  of  carbolic  acid  be  a  rational  procedure,  I  do  not  hesitate  to 


ol'IMo.N    or  I'KOI'. 


ASIW  I.TZ. 


(hM'laro  that  with  such  :i  iiiixl  iiic,  in  a  propci  l  v  comliictiMl  jiroccss,  the  ohjcrt  of 
rctardiiii;  tli«  lottiiii;-  \\o()(l  can  )•<■  assuu'dly  arcoin  |  il  islicd ,  Hiiicc  Ixttli  Hiihstanccs 
lichnii;  tt>  thf  inosi  clVi'(ti\c  siiiistaiifcs  wliicii  \\  «^  know  antl  lia\c  Ioiil^  iistd  fur  tlm 

JHlipOM'. 

The  I  li  l.ii  itlf  of  zinc  for  inipi  r^nat  ion  of  wood  i  I'.n  ind  t "»  md  liod ,  IJ-CJM)  has  [irovrd 
itsid  I'  sal  i>l  o  Ior\  not  onl\  m  m'lirral,  loit  is  |ncfcircd.  on  acroii  n  t  «»f  i  1  s  i,nra  I  .Mir- 
ccss  ah  Most  o\cr\  w  hero,  to  tiic  coiipir  ^Mlplialc  and  cliloridc  of  niir«  iir  \  . 

Not  h'^s  .sa  t  isfaci  or\  iVoni  theoretical  reason^  is  tlie  ini  pre^na  I  ion  with  liiose  tar 
oiN.  the. mam  iimrcilicnt  of  \\  hi(  h  is  tin-  earliolie  aei^,  and  this  nietiiod  lor  <-onsi  rv- 
wood  lias  hileiy  al>o  hceu  w  i(hd\  nsed. 

A  conilti.iat  ion  ot'  these  two  methods,  hased  iijion  tiic  I'aet  thai  earholie  aeid  is 
solnlde  in  consiih'ra l)h'  i|nantiti<'s  in  a  ehloride  of  /ine  >oInlion  is  tiuTcforc  a  happy 
t  hou^ht .  for  t  hertd»\  i  he  iini)reuna  I  ion  li  nid  can  l>c  nia(h-  t  o  penet  rat  c  more  easi  1  \  into 
the  int«'rior.  hccanse  with  the  addition  of  carltolic  acid  it  has  th(^  cajiaeiix  in  a 
dci^rcc  to<lissolvc  t  hcre>inons  contents  of  tlic  wood,  'fhis  can  not  lie  aceonipl  islied 
w  ith  tin-  iniie  solntion  of  (  Iiloride  of  zinc,  and  it  may  also  he;  expected  that  >n(  li  a 
mixinrewill  enter  w  ith  llu'  protein  sn bstanccs  of  t  he  wood  into  more  insohi i)]e.  or 
:Mthcr  more  lot -rcsistini;'  comjionnds,  tlian  tlie  ehlori(k'.  of  /ine  solnt  ion  ahme. 

There  is  an  additional  advantaiic  in  tlu;  fact  that  w  itii  this  mixture  the  process 
can  he  worke«l  in  the  same  manner  as  Avith  the  chlori(h'  of  zinc  solution  alone;  that 
is.  to  im])reL!:natc  the  w  ood  after  the  larger  part  of  the  ])rotein  sn1)stances  has  hcen 
renio\  »-d  l»y  st  eaminu. 

If  tar  oils  alone  are  used,  the  removal  of  this  i)artof  the  r()t-i)rodncing  suhstances 
can  iH>t  lie  accomi)lished,  since  ihe  Avood,  after  this  process,  must  he  i)repared.  not  hy 
steam iny;,  hut  hy  dryin<?. 

From  these  eonsi(h'rations  1  helieve  that  in  this  pro))oscd  coinl)ina t  ion  there  is  a 
thoron.t;hly  rational  i)rocess,  which  may  he  recommended,  and  has  l)efore  this  heen 
discuss.  (I  w  ith  commendation  hy  various  others. 

NiKNNA,  1ST2. 

Ill  nddition  to  th('  al)<)ve  it  may  also  be  of  interest  to  reproduce  the 
tnllow  iiiii'  table,  kindly  submitted  by  Mr.  Holbein,  sliowin*;-  the  manner 
ill  \\  liicli  the  co.st  of  ties  is  haired  and  compared  by  the  Kiietgers 
impregnation  works. 
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PATKXTS  in-lLATIXi;  TO  MKTAL  ItAlLWAV  TRACKS. 

Uy  K.  K.  K'l  ssKi.L  Tuaiman.  C.  K. 


Ill  my  oriiiiiial  report  was  given  a  list  of  nearly  500  United  States 
patents  relating-  to  nietal  railway  tracks,  be«»inning  with  July  20,1839, 
and  endin*?  wirli  .Mardi  IS,  1800.  Rerewith  is  given  a  supplementary 
list  of  -.")0  ])atents,  bringinii  the  record  up  to  March,  1801,  and  making 
a  total  of  about  7.">0  patents.  Some  comments  upon  the  patents  have 
already  been  given  under  ilic  lieading  of Tnited  States"  in  Part  i. 
The  list  forms  a  descriptive  index,  giving  a  general  idea  of  the  design 
in  each  case,  and  enabling  jx'rsons  interested  todnd  the  sjx'cilications. 

.\(».' lL';^!t2I>;  (lit.',  M;u<-li  25,  18J»0;  Fir.l  .1.  Ilnyt,  Clii.a-o,  111.:  A  (•()iiil)iii;tti(.ii  tio 
lonnt'd  of  a  sheet  thrce-eii^liths  to  live-»'i«;litlis  inch  thick,  8  inches  wide  iit  the  mid- 
dle, and  20  inches  at  the  ends.  Tlie  middle  arched  ni)\vaid,  andtlie  sides  at  the  ends 
bent  np  to  form  boxes  to  receive  wooden  blocks  secured  l)y  bolts  across  the  tio. 

No.  42170S;  date,  .Vjirill,  IS<;0;  Abraham  Kimber,  Indianapolis,  Ind. :  The  tio  is  a 
ludlow  beam  with  recess  for  rail  seat,  the  otiler  sidr  of  rail  bein^  secured  by  a  keyed 
clamp  (No.  131G(M)).  ' 

No.  42.")2(;6;  date,  April  S,  IS90;  Samuel  D.  Stauffer,  Marietta.  I'a.:  The  tio  con- 
sists of  two  metal  plates  side  by  side.  <>r  one  above  tho  other,  and  sei)arated  by  two 
spacin<;  blocks,  to  which  the  rails  are  spiked.  The  two  ])lates  arc;  hiii«;ed  to<;ether 
at  one  end  and  secured  by  a  bolt  at  the  other  end. 

No.  42.5717;  date,  April  15,  1S90;  Orvill  W.  lirown.  IToyts  Corners,  N.  Y. :  The  tie 
is  a  hollow  l)ox  with  Hat  bottom,  semicircular  npper  part  and  rounded  cornei  s.  The 
metal  is  cut  away  at  the  rail  seats  to  let  tho  rails  rest  on  rectangular  wood(ai  l)locks 
insi(b'  the  tie.    The  rails  are  spiked  to  these  blocks  throu<jjh  holes  in  the  tie. 

No.  425937;  date,  April  15,  ls90;  John  M.  Fenuerty,  Washington,  D.C. :  An  .luxil- 
iary  metal  tie  laid  upon  the  wooden  ties  at  rail  Joints.  The  rails  lit  against  outer 
lugs  supporting  the  l>ase  and  web,  and  an  angle  bar  on  the  inside  is  secured  by  a 
wedge  plate.    One  bolt  passes  through  bar,  rail,  and  lug. 

No.  42r)05aud  No.  426052;  date,  April  22,  1x90;  Closes  W.  Oliver,  Lawretice,  Mass.: 
A  ccmtiunous  longitudinal  resting  on  the  ties  and  having  a  wavy  u])p(!r  surfaces  sup- 
porting the  rail  only  between  the  ties. 

No.  426458;  date,  April  29,  1890;  George  E.  Marvin,  lioston,  Mass. :  To  the  sides  of 
a  tlat  plate  on  edge  (or  a  bar  of  ±  section)  are  bolted  the  flanges  of  rectangular 
boxes,  forming  two  boxes  at  each  rail  seat  to  be  filled  with  wood  or  other  material. 
The  top  of  the  plate  or  bar  is  notched  to  receive  the  rail  base.  Blocks  bolted  against 
the  middle  of  the  tie  to  serve  as  auchors  to  resist  lateral  motion. 
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No.  r_'i;(;:?7  ;  dalc  \|)ril  -ill.  IS-M);    lli,'(.il..rr   K'.   I  »ii  n  ii  1 1 1  -  ,  M  1. 1  d  l.t  ow  n .  \.  ^' .  :  Tlir 
lie  is  made  iVoiii  a  slerl  stit'ct  lii-iil    to  i'>n-\\\   :i  l)u\   oT  I  i  i  :i  1 1  u  1 1 1  a  r  ■-cr  t  i  i  .i  i .  w  il  li  a|>f\ 
(liiu  11  w  aril ,  a  III  1  li  a  \  i  ii     la  rm'  In  ilr>  nil  i  ii  (  lir  •>!  ilcv  1 1  •  in  1 1 1  n-  the  <  |  ii  a  n  I  i  I  \  i  >  I'  iin  - 1  a  I 
Thr  rail  -^pilM-  |.a-s  I  lin.ii-li  Imlr-.  in  llir  lop  ami  siijr  ol'  i  ir  ami  lia\r  m.lrliiil  larr^ 
t.)  t  nuaui'  Willi  I  hi'  cilur  111'  lioli"  in  t  lie  i  No.  lod?:!:*.  i 

\o.  lL'i;s77;  ,l:itr.  April  ■_'!•,  isiKi;  (;.  I..  Stiraiii.  Nrw   Orlraiis,  La.:   1 'mi .  1 1 . 1  r  rail 
waylrark  for  .^n  L;a  r  pla  n  t  a  l  ions,  willi  llat  |)lal  c  t  ifs.      Tlir  <  mis  uf  tlniiil  \\i-l)sar(' 
iiiorl  i■^l•ll  1 1 1'^cl  licr. 

No.  iL'TliiH:  ilatr,  Ma\  (■,,  \S\H);  .lanir^W.  1 'riia-.  I'll  i  I  ;i  i  Irl ))  li  ia  ,  1 'a  .  :  .\  si  1 1  ct  ra  i  I  w  ay 
trark  roii^i^liiiL;  of  a  ^hallow  rli.aniifl.  loii  i;-i  I  m  I  i  iia  I ,  sii|i|M)rl  i  m^  ,a  Inn^  i  |  ui  I  i  na  1  roiii- 
posril  ol'  a  .^irrl  ).l,itr  l»riil  lo  Iniiii  a  srrics  oT  troughs  with  llal  to|,-^  ami  im-linr,| 
sides.  V]]i-  \  I'll  iral  !r-s  oil  lir  rail  straddle  t  his  Ion  ^i  I  ml  i  ii  ;i  I  a  ml  t  i  e  i  oi  I  s  a  re  |  ki  s>rd 
tliioiiL^h  the  llaiiue--.  slia  I  low  __J,„  ci'oss-ties  ina  i  ii  t  a  i  ii  i  n  l;  1  he  U^i  h  U*'  rriietiei. 

(Nos.  i:;ii7l'.  Kii'oiiL'.  107 1;;--'.  r)(>:;'2r>::.  .M)  loin. ) 

No.  lL'7::si:  date.  May  (I,  lS!i(»:  |,e\vis  Wal  lace,  ( 'I'a  w  lords\  i  lie,  1ml.:  A  Hat  bar, 
si  i  Lili  I  ly  ell  r\"  I'll  in  eross  mmI  ioii.  with  (!Mlar<;'(Ml  ends  e,i  ny  i  ii  l;'  \  i-rl  iea  I  jaws,  IkU  ween 
u  II  11  h  are  1)1.1  eeil  a  Moek  of  wood,  a  rublx;!'  cusli  ion,  and  a  metal  lie  plate.  Lni;s  on 
the  i  II  tier  t  op  ed  ^es  III'  t  h(!  ja  ws  lit  oxer  t  he  ra  il  lla  ii  lic 

No.  iL'SSilP;  date.  May  •_'7.  iSitO;  Jaiues  V.  Taylor,  Fort  Worih,  Te.x.  :  The  tie  is  a 
wi-oiiij;lil -iron  plale,  inait  into  A  t'oi  iii,  with  the  rounded  apex  cut  away  at  the  rail 
seats  and  end.  i  he  rail  rest  on  a  Jaw  or  <dain])  threaded  upon  a  sci'cw  lyiiiu  in  t  he 
a  pe\  of  the  lie.  liy  t  n  rii  i  iii;-  the  rod  t  he  Ja  w  s.  hold  i  ii'j,'  the  i  ii  iiei'  llan,L!,'('s  of  the  ra  i  Is, 
toi  ee  t  he  r.i  ils  a  ua  i  list  t he  si(h.'.s  of  t  he  seia i  red  rail  seat. 

No.  lL'!ii:!(;;  dale,  dime  8.  1S!»0;  11.  I..  Cilleite,  Buffalo,  N.  Y. :  The  rails  rest  on 
loiiLci  t  ml  i  mil  pla  t  i  s  10  feet  long  with  1  loot  hct  ween  the  ends.  At  intervals  the  plates 
aie  vii)ii)orted  liy  inet:il  i oliinins  resting  upon  deeply  embedded  cross-ties. 

N().42!>(iU7:  dat(\.lniielO,  18!)0;  Charles l)eh)rnie and  lanih}  Brochoii.  Tiox  I'rance  : 
Tiie  tie  is  of  inverted  ehanind  section,  with  verfieal  sides.  Tlie  rails  are  si  iaired  liy 
lugs  attai  hed  liy  Imlts  jiassin^  through  the  top  table  of  tie  and  a  se])arate  hottom 
j)late(witha  key  between  rail  and  inner  lug):  or  by  8])ikes  driven  into  wooden 
b]o(d<s  inside  the  tie  and  held  n])  l)y  bolts. 

No.  date,  dune  10,  1890;  Samson  l-'ox.  Leeds,  England  :  I'.ardi  rail  is  earried 

by  a  corrugated  or  Avavy  longitudinal,  the  curved  ridges  of  whii  h  have  n  shajjcd 
holes  to  admit  the  lail  hase  and  grip  the  "weh. 

No.  i:;()it:;ii:  date,  .hme  Ki.  jSitO;  i'atrick  Rafferty,  Ovid,  N.  V. :  The  t  ie  is  (a)iii])osed 
of  two  blocks  of  wood,  glass,  iron,  etc.,  30  inclies  long.  12  imdies  thick.  12  and  11 
imdics  w  ide  a  1  t  •  >p  a  m  1  hot  t  oin .  Tlie  inner  end  of  eaidi  is  held  by  an  inner  fork 
through  the  .stem  of  which  is  ])assed  a  Ixjlt.  the  two  holts  engaging  w  i  t  li  a  tnin- 
buckh^  in  the  middle  of  the  tra(  k. 

No.  130107;  date-,  June  17,  1S90;  .lauuis  KMchardson,  Tarrytown.  X.  Y. :  The  wehs 
or  llangesof  T  rails  rest  in  tlie  to])  slots  of  longi tinlinal  tubes  of  elli])tical  section, 
foinied  of  steel  plates,  the  tubes  being  tilled  with  sand  or  c()ncr<!te,  etc.  Top  and 
bottom  transverse  tie  rods  connect  the  tubes  and  rails. 

No.  4305.-)3:  date,  .hme  17,  1800;  J.  VV.  White,  Widnes,  England:  A  cross-tie  of  V 
section,  with  hoiri/ontal  to])  Ihinges,  to  which  are  bolted  angle  bai's  oi- (dam|)s.  (Sec 
I'.nulaiid.  I 

No.  i:!(r.!iO:  date,  .lime  17.  ls!tO;  James  M.  Priia^.  l'hila(l(di)hia.  Pa.  :  This  r.  semhles 
No.  1271(i!i.  but  the  hot  tom  plates  are  Ihit.  and  oidinary  r.iils  resi  on  top  of  1  he  longi- 
tudinals and  are  secured  by  bnlteil  (dani])son  the  laids  of  ll.a  I  t  ie  bars,  t  he  ba  i  s  ])ass- 
ing  inside  the  trouglis  ;iml  ha  vim;-  t  he  ends  lieiit  round  to  hold  the  rail  ba-e.  while 
the  bolt  jjasses  tliroiiuh  the  r.i  i  1,' t  roii  ^h.  and  tie  bar. 

No.  1307X0;  dat.'.  .lime  21.  1N'.»0;  11.  \V.  Libbey,  F.oston.  .Mass.:  The  wooden 
stringers  of  street  rail  ways  carry  cast-iron  (diairs  connected  h\  a  c,i>tiiiu  "11  sec- 
tion. The  jaws  of  the  chairs  receive  the  webs  of  llangidess  T  l  ails  wliii  h  are  bolted 
through  them. 
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No.  431172;  date,  July  1,  1890;  James  M.  Price,  Philadelpliia,  Pa.:  Tliis  resembles 
No.  430590;  Itut  no  fiat  longitudinal  is  used,  and  flat  cross-ties  of  different  sections 
are  laid  across  the  trough  lougitiidinals,  resting-  upon  the  tops  of  the  troughs. 
The  rails  are  secured  by  clamps  and  vertical  bolts. 

No.  431839;  date,  July  8,  1890;  William  Bussard,  Port  Jetferson,  Ohio:  The  tie  has 
a  flat  base  with  three  ribs  along  it.  These  ribs  are  notched  to  receive  the  rails,  which 
are  seciired  by  keys  driven  between  the  rail  and  edge  of  notch.  The  ties  are  of  cast 
metal. 

No.  433524;  date,  August  5,  1890;  Thomas  W.  Gilnun-,  Big  Stone  Gap,  Va. :  A 
trough  tie,  with  slightly  flaring  sides  and  ends,  and  bolted  clamp  fastenings  with 
vertical  bolts. 

No.  433651;  date,  August  5, 1890;  F.  F.  Field  and  John  Uriscoll,  Providence,  R.  I. : 
A  cast-iron  tie  of  rectangular  box  section,  with  riveted  and  bolted  clamp  fastenings, 
wooden  l)locks  under  the  rails,  and  anchor  plates  riveted  under  the  ends. 

No.  433788;  date,  August  5,  1890;  J.  Fellows,  Burlington,  Ind. :  The  tie  is 
formedof  two  forked  pieces  in  plan,  the  forked  ends  carrying  the  rail  (•lani])s.  and  the 
ends  of  the  shanks  being  connected  by  springs. 

No.  433S03;  date,  August  5,  1890;  Stewart  .T.  Morse,  St.  James,  La.:  The  rails  rest 
upon  longitudinals,  each  composed  of  two  angh'  irons,  with  the  upright  legs  inclined 
together,  and  narrow  horizontal  flanges.  The  rails  rest  on  bolted  seats,  and  tlu^ 
longitudinals  are  connected  by  llat  tiebars. 

No.  431213;  date,  August  12.  1890;  Hiram  Taylor,  of  Northampton,  and  D.  E. 
Sherman,  of  Springfleld.  Mass.:  A  sheet-iron  or  steel  open  trough  tie,  with  flat 
bottom  and  sides  flaring  inward  iVom  the  botto'ii.  Two  channel-shaped  saddle 
pieces  rivetcid  inside  form  the  rail  seats,  and  each  rail  is  h<;ld  by  four  (•laini)s  bolted 
or  riveted  on  the  outsitle.  The  saddle  jiieecs  may  straddle  the  lop  oi  tlie  tie.  and 
have  one  8i<le  bent  to  form  a  lug  to  hold  the  rail. 

No.-434(M)0;  date,  August  19,  1890;  Abraham  Kiinber,  Indianapolis,  Ind.:  A  tie  of 
curved  trough  section,  with  the  edges  noti'hed  to  (bi  iu  rail  seats,  and  inner  (lang<^  of 
rail  held  by  a  clamp  having  lower  end  i)assing  through  bottom  of  the  tie,  the  clamp 
])einghebl  in  position  by  a  horizontal  key  driven  through  lioh'S  in  the  sides  of  the  tie. 

No.  431848;  dale.  August  19,  ISOO;  .John  E.  Taylor,  (Jhester,  Pa.:  The  tie  is  of  1 
section,  with  the  ends  resting  on  angle-iron  longitudinal  ])ieces,  having  the  vertical 
flanges  on  the  outside.  To  the  vertical  web  of  the  tii^  are  riveted  two  angle  irons, 
(>acli  tbrming  a  rail  seat,  the  outer  side  of  the  seat  being  bent  1o  embrace  the  rail 
flange,  while  the  inner  side  of  the  flange  is  held  l)y  a  loose  stud. 

No.  435f>04;  date,  August  20,  1890;  Robert  Wliiteford.  Louisville,  Ky. :  A  flat 
casting,  with  enlarged  ends,  having  3-si<led  boxes,  into  which  woodcMi  blocks  are 
fitted.    Vertical  flanges  under  the  t'lv.  prevent  lateral  motion. 

No.  435102;  date,  August  20,  1890;  David  Vanainm,  Birdsboro,  Pa.:  The  tie  is  of 
trough  section,  with  flat  bottom  and  vertical  sides,  portions  of  the  bottom  being 
punched  out  and  bent  down.  Under  each  rail  is  a  wooden  block  covered  with  an 
iron  saddle.  'The  rails  are  fastened  by  clamps  of  -|  shape,  with  a  bolt  through  the 
woo<len  block,  or  a  vertical  bolt  through  a  flange  on  ea^'li  clamp  resting  on  tiie  bot- 
tom of  the  tie.    At  joints  the  clamps  form  sidice  plates. 

No.  435221 :  date,  August  26, 1890;  Marion  M.  (ireen.  County  Line,  Tenn. :  The  tie 
is  of  H  section,  with  a  high  block  of  I  shai)e  bolted  to  each  end,  and  angle  jaws  or 
clamps  to  hold  the  rails  bolted  on  top  of  these  blocks. 

No.  435708;  date,  September  2,  1890 ;  William  11.  l^ope,  Fernandina,  Fla. :  The 
cross-ties  are  of  angle  shajie  [~,  supporting  at  each  end  a  longitudinal  plate,  the 
middle  of  which  is  bent  in  channel  form  to  receive  the  rail  flange,  and  tlie'outer 
edge  is  bent  down  to  fit  against  the  ends  of  the  ties.  Flat  clamp  ]»lates  resting  on 
the  longitudinal  end  rail  are  secured  by  vertical  bolts. 

No.  43.5800;  date,  September  2, 1890;  Walter  II.  Dutton,  East  Bethany.  X.  Y. :  The 
tie  is  composed  of  two  ]dates  on  edge,  placed  together  at  the  ends  and  middle,  and 
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lu'iit  so  to  form  lif\a<^»)nal  ltt»\cs  at  tlu'  rail  scats.  Tlic  l>o\(  s  ar<-  closed  at  llic! 
bottom.  I'lic  tMl«;es  ot'  tho  boxes  :ir«'  luitched  I'oi  1  he  rails,  i  lie  inner  e<l^es  of  not  (  lies 
littinu,  ()  \  er  t  he  l  ail  llaiii^e.  ami  t  wo  oiiti'r  c  lamps  to  e.ich  l  ail  ltciii'4  nsc.l.  The  c I. imps 
stradtlle  the  side  ol'  ho\  and  are  h(dd  hy  \  crtical  liolts,  with  he.  id  nndei'  I  In-  l.ul  toiii 
of  ho\. 

\o.  l;;7;;i)!  ;  dal.'.  Septemht>r  i'.O.  IMM);  j'l  aiik  C.  .lohlisoii,  New  \\>\  U  .  N  .  Y.  :  j'.oil.d 
rail  clamp  for  si,  ,  1  tie.  patented  in  18S()  (No.  :).")I117).  'i'lic  clamp  lias  a  Ihl;  fiilinu 
in  hole  in  tie.  and  a  Iu<;  littiiii;  in  recess  in  top  of  rail  llaiii;e,  and  is  sec  incd  li\  a 
\i  rtical  bolt  thittn^h  lop  ol"  tic,  the  purpose"  ludnu"  t<»  pre\ent  crc(  piiiLC  <»''  lails. 

No.    i:!7;i(iL';    (laic,    .><cplcnd.cr    .'Id.   ISIKI;    l^ank    l>.  .bdmson.  New  S .  \ .  : 

Inverted  (dianutd  tic  |  |  with  rail  fast  en  i  n  i:,s  .as  in  pre\i()ns  patent.  The  rail  splice 
bars  Iia\ ('  \ en  ii  a!  !l;inm-scnt  ;i\\  ;iv  lo  lit  the  t  ies,  and  the  liori/onlal  llani;(  s  cut 
a\va_\  for  t  ln>  ra  i  1  (  lamps. 

No.  liiTlTtl;  dale,  Scpicnil)ci-  :!(».  1S!»();  Maximilian  V.  Uoii/ano.  Ph  i  ladcl  ph  ia .  I 'a.  : 
A  tie<d"  inverted  clianiud  secli(Ui.  with  bottom  llanues  and  vertical  or  in(  lined  sides. 
The  top  talde  is  cut  away  and  l»cnt  down  at  sides  and  middle.  Kach  rail  is  ludd  by 
U  bolt  with  two  (dam|>s.  {^cc  Hoii/.ano  tie.) 

No.  i:i7sr_':  date.  October  7.  ISilO;  Henry  0.  Cook  (.James  M.  Jlicks,  adminis- 
trator of  II.  o.  ("oolv.  deceased):  The  tie  is  composed  of  two  an<^lo  irons  |  |. 
and  at  each  rail  seat  two  other  an<2;le  irons  are  riveted  across  the  tie,  thus,  _J  L_  • 
with  a  wooden  block  between  them.    (See  Hit  l<s  tie,  orii^inal  report.) 

No.  43S5S:i;  date.  October  14,  18!)0;  Martin  HubbcdI.  Mount  Kisco,  N.  Y. :  The  tie 
is  of  channel  sha])e.  -svitli  vertical  sides,  flat  bottom  (no  bottom  at  middle  of  tie),  and 
two  \  crt  i(  al  diapliragms  at  each  rail  seat.  A  hollow  stool  or  seat  is  inserted  in  each 
box  thus  formed,  to  the  top  of  Avhich  the  rail  is  secnred  by  bolted  clamps,  the  bolt 
hi'ads  being  inside  the  stool  or  under  the  bottom  of  tie.  The  underside  of  bottom  of 
tie  is  corrugated  to  hold  the  ballast. 

No.  4.387G4;  date,  October21, 1890;  Arthur  M.  Krauu'r,  rniontown.  Pa. :  A  cross-tie 
of  rectangular  box  section,  with  top  and  bottom  cut  away  at  the  middle,  and  loos- 
ened part  of  top  bent  downward.  The  tie  is  lilled  with  ballast,  and  under  each  rail 
is  a  wooden  block  (the  top  of  tie  being  cut  away  at  the  rail  seats),  the  rails  bcMiig 
held  by  chann(d  clamps  £^  passing  through  holes  in  top  and  bottom  of  tie. 

No.  430352;  date.  October  28,  1890;  Charles  A.  Harvey,  New  York,  N.  Y. :  A  rail 
fastening  for  metal  cross-tics,  consisting  of  clanjps  having  bottom  lugs  fitting  into 
holes  in  the  ties,  and  a  wedge  or  key  driven  between  the  clamp  and  to}>  of  rail  Hange. 

No.  439174;  date,  October  28,  1890;  Knfus  Osborn,  Tekonsha,  Mo.    Cross-ties  of 

channel  foini  |  |  carry  L-shaped  longitudinals  with  wooden  longitudinals,  to 

which  the  rails  are  spiked,  the  ties  to  be  laid  in  a  bed  of  cinders  and  tar.  (No. 
470700.) 

No.  439482;  date,  October  28,  1890;  Hiram  D.  Dasher,  .Middlctown,  Pa.:  A  tie  of 
box  form,  with  outer  llan^e  of  rail  held  by  lugs  and  inner  Hange  by  jaws  on  t  he  end 
of  a  long  arm,  whose  other  end  rests  against  the  in<  line(l  face  of  a  rib  across  the 
middle  of  the  tie.    (No.  491041.) 

No.  440405;  date,  November  11,  1890;  .Toseph  .).  Callahan,  Newburg,  N.  Y.:  A 
cross-tic  composed  of  two  ]>lates,  with  interlocking  notches  at  tlie  up]»er  edges,  the 
plates  being  inclined  to<:etlicr  in  A  sli.ipe.  The  apex  is  notche<l  foi-  the  i.ail  base. 
(See  Callahan  tie.) 

No.  440053;  date,  November  18,  1890;  .bdin  K'ei fert .  b'oinc.  N .  ^  ^  :  An  open,  sh.illow 
channel  tie,  with  horizontal  top  flanges,  and  the  Itottcun  bent  down  at  the  ends.  A 
thin  metal  ]date  covers  the  i o]).  The  rails  rest  on  the  flanges  and  are  secured  to 
them  by  clamps  of  t~  sha]>e.  as  long  as  the  width  (jf  tie.  The  clamps  of  each  rail 
are  held  by  two  U  bolts,  w  ith  the  horizontal  legs  lying  under  the  Hanges  of  the  tie. 

No. 440997;  date,  November  is,  1890;  Charles  H.  Ewing  and  Charles  G.  Bockus, 
Philadelphia,  Pa.  :  The  tie  consists  of  four  shallow  inverted  (  haniK  1  pieces  forming 
the  ends  of  an  2^.    The  inner  edges  are  coTjnectcd  ltyri\«  ted  stra]»s,  and  there  are 
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two  traiisverse  tieljars  (flat  at  the  ends  and  on  edge  at  the  middle)  passing  tbrougli 
holes  near  the  tops  of  the  cbannels.  The  rails  are  held  by  clamps,  Avitb  bolts 
inclined  about  35  degrees  outward  from  the  rail,  beveled  washers  being  x>laced 
between  the  boltbeads  and  underside  of  the  bar.  The  bolts  pass  through  the  bar 
and  chauuel. 

No.  441416;  date,  November  25, 1890;  C.  B.  Hutch  ins,  Detroit,  Mich. :  Bridle  rods  to 
prevent  spreading  of  rails.  Each  rod  is  a  Hat  strap,  with  end  bent  up  to  fit  the  rail 
flange,  and  spike  holes  for  inner  side  of  rail.  The  inner  ends  of  the  straps  hook 
together  horizontally,  and  are  secured  to  the  wooden  tie  by  lag  screws. 

No.  441549;  date,  November  25. 1S90;  Michael  A.  Glynn,  Havana,  Cuba:  The  tie 
is  in  sections  like  a  -f-,  with  the  toi)  web  cut  away,  ami  vail  chairs  or  clamps  bolted 
to  the  horizontal  web. 

No.  441784;  date,  Decen)ber  2,  1890;  Vernon  A.  Tyler,  :Morris  Bark,  N.  Y. :  Hie  tie 
consists  of  two  shallow  inverted  channels,  with  tlic  ends  bent  downward,  tlicse 
channels  resting  upon  and  riveted  to  a  transverse  T  Imr.  i'lie  rail  flanges  are  grii)i)ed 
by  the  split  end  of  wedges  which  rest  in  holes  in  tlic  tic,  the  Jaw  gripping  the  rail 
base  and  top  of  channel.    Wooden  cusliioiis  may  be  ))laced  under  the  rails. 

No.  441926;  date,  December  2,  18i»0;  M.  F.  Honzano,  Bhiladelphia  Pa.:  A  cross- 
tie  composed  of  two  angle,  channel,  or  Z  irons,  with  two  Hat  or  V-shaped  plates 
riveted  across  the  top,  leaving  the  middle  open.  Rails  secured  by  cl.imps  and  ver- 
tical hook  bolts  taking  hold  of  l>ott<  »l"  tie  or  passing  through  holes  iu  the  sides. 

(No.  13717('>.)    (.Si-e  Bonzano  tie.) 

No.  Il2n(i:date,  December  2,  is'io;  IMward  r.r,iM<i wood.  I'liiladelpliia,  Pa.:  A 
tie  with  section  of-f-.  having  widened  and  deepened  cuds  forming  boxes  in  wliich 
are  inserted  tlic  \ crtieal  legs  of  wedge  (damjis  which  form  the  rail  seats,  the  weight 
of  trains  pressing  the  clam])S  <lown  and  s])reading  the  lowei- ends  so  that  the  tops 
hug  the  rail  flange.  Modification  of  lie  i»atente<l  hy  Thomas  W.  Travis,  July  80, 
1878;  No.  20G(U7.    {See  Brandwood  tie. ) 

No.  Ii:)5!l4;  date,  Deceujber  SO,  1890;  W  illiam  (iod.n.l  .md  W  iili.iiii  T  iddler.  'Toua- 
wanda,  N.  V.:  'I'he  rail  rests  upon  a  long  metal  lie  plate,  to  w  hieh  Hal  (  lain))  ]dates 
are  fastcTied  liy  \frtical  countersunk  bolts,  will:  ke\s  <lii\(ii  through  slots  in  the 
bolts. 

No.  443989;  date,  i)ec»'mber  30,  ISHO;  Thon)as  I'oulds,  Trevorton,  Pa,.:  A  tie  com- 
posed of  a  Hat  plate  resting  on  top  of  a  corrugated  plate  having' three  longitudinal 
V-shaped  ridges  and  longitudinal  to))  flanges,  'The  rails  -.irv.  lield  by  bo(d<  ))()lts, 
with  tlie  nuts  under  th<'  ])late  and  flange. 

No.  llli:!!t:  date,  .Fanuary  13,1891;  .John  W,  llollin  and  Thomas  H.  Siii  i  t  li,  New 
Richm(»nd,  liid.  :  'The  tie  is  formed  of  two  pieces  jdaeed  side  by  side,  each  j)iece 
having  one  inui-r  and  one  outer  lug  for  the  rails.  They  are  halved  together  at  tlie 
middle,  and  connected  by  three  horizontal  diagonal  bolts. 

No.  441909;  date,  January  20,  1891 ;  William  G.  Sears,  ( 'hattanooga,  Tenn.  i  The  tie 
is  of  T  section,  and  the  rails  arc  held  by  braces  on  the  outside  and  studs  on  the 
inside,  the  braces  and  studs  fitting  into  dovetailed  holes  in  the  tie. 

No.  444910;  date,  January  20,  1891 ;' William  G.  Sears,  Chattanooga,  Tenn:  A 
trough  tie,  with  flat  bottom,  sides  flaring  outward  to  the  top  and  horizontal  top 
flanges.  At  each  rail  seat  is  a  plate  acro.ss  the  tie,  the  ends  bent  to  flt  around  the 
edges  of  the  tie  flanges  and  the  middle  plate  curved  u]>ward  to  form  an  elastic  seat 
for  the  rail. 

No.  44.5274;  date,  .January  27,  1891 ;  Harry  I.  Jetfers,  Lexington,  Miss. :  The  tie  is 
rectangular  in  plan.  The  rails  rest  on  the  ends  of  the  tie,  with  the  inner  flange  fit- 
ting into  a  rece.-iS,  The  outer  flange  is  held  by  a  lug  on  the  end  of  a  horizontal  arm 
passing  lengthwise  through  the  end  of  the  tie  and  secured  by  a  vertical  key  at  the 
hollow  interior  portion  of  tie. 

No.  44.5325  and  No  44.5326;  date,  January  27,  1891;  David  Y.  Wilson,  Gum  Tree, 
Pa.:  A  flat  or  inverted  channel  tie,  with  rail  clamps  secured  by  vertical  bolts.  An 
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elastic  ciisliioii  iiI.ktiI  iin<l«  r  the  mil.  Tlic  lir  l)c  iiiadr  of  nid  i-.iils.  Cicc])- 
ini;  is  |>ri'\  rnli'tl  l>\  a  iln  l  i  l>o|  i  (lri\  en  I  liroim  li  i  lir  i  ir  into  die  m-  d. 

No.  MGIO.");  tlatc.  Fel.niary  Id.  ISKI  ;  K.  1).  I  )<•  (  Innrni  s.  |).ir.,ii.  Mi. I,.:  liirtiriH 
ot"  iiivt'i  trd  troiiiili  section,  with  tlic  middle  of  (op  tuiclslcd  oi  dislicd  iijiw  aid  to  itli'ii 
it.  'i'lic  width  im-rra^^cx  iVoiii  the  cuds  lo  III.-  middle.  I '.a-li  ra  11  i  >  h.!d  l.\  tu..llat 
ohimi>>  aii.l  a  U-It.dt.  llie  lower  l.'^  of  l).)ll  h.-iii^-  .•iir\.-.l.  willi  a  ido.  k  li.  tw.'eii  it 
and  t.)p  of  tie.     At  rail  'oiiit^  the  (daiii|is  lonii  part  ol'  tli.'  splice  liars. 

N...  liiillii  aii.l  No.  I1!UI7;  .lat..  i'el.riiary  17.  is'M  ;  I".  (Jraliam  (Irihid.-.  ^Onkers. 
N.  v.:  A  street-railway  track  consist  iiiii- ot"  a  t  roii<;]i.  .tr  ilianii.d  shape. 1  hmn  it  ii.liiial 
uiidi-r  ea.li  rail,  w  i  i  h  do\ ct  a  ih.l  Ini^s  .m  t  he  ii  |)per  cd^.'s  t  o  li  t  theiaih.  Ida  t  t  ra  iis- 
\  CISC  T-liars  ar.-  n-<rd.     The  lon^i  t  iid  ina  !s  rest  njxtii  and  arepa.ked  w  i  t  li  .-oncrete. 

No.  I  Itisii'.t  ami  N.>.  ll(i!iiMi;  dale,  F.d.niary  L'l.  iSiU  ;  Harlan  1'.  Sw.-.  t.  Lo.n  Aii.i;cle.s 
Cal.  :  .\  cross  t  ie  ot'  open  cnr\  imI  troui^h  section,  with  hori/ontal  lo|»  daiii^es.  A  ])latt; 
I'onniiin  a  rail  seat  is  iihu-ed  across  the  trough  near  ea(di  end  and  has  a  curved  lowcu' 
portion  tittinu;  th(»  interior  of  the  tie.  The  rails  are  secured  l)y  (damps  bolted  throiiixli 
the  seat  ami  tie  tlanj^es.    {Sev  Sweet  tio.) 

No.  UTiJ.")!);  date.  March  3.  1S!>1  ;  Eugene  Kohiuson,  Detr.nt,  .Mi.  h.:  l-^acdi  tie  con- 
sists of  a  Hat  i»late,  twisted  so  as  to  l)o  vertical  at  thc!  middle,  where  it  is  narrow. 
JOach  end  is  l)ent       antiiilarly  to  this  shape  |.  the  rail  rijsting  on  the  Hat  ])or- 

tion  and  secure. 1  hy  an  inm  r  Iml;-  hearinj^  against  the  upright  face  of  ti(^  and  an 
outer  lug  i»assiug  through  a  hole  in  the  top  table.  The  latter  (dami)  has  a  hori- 
/.)Utal  liireaded  end  passing  through  the  upright  face  of. the  tie  and  the  inner  .  lain)) 
being  secured  b>  a  nut. 

No.  148005;  date,  March  1(1,  1S!I1  ;  ("hnrlcs  A.  Beach.  Albany.  N.  V.:  A  street  rail- 
way track  with  cross  ties  of  channel  section  \  |.  in  which  are  I-shai)ed  chairs,  the 
tops  of  whi(di  are  straddled  by  box  girder  ra.ils  |  g,  secured  by  keys  through  the 
legs  of  rail  and  web  of  seat.  The  seats  are  bolted  to  the  bottom  of  tlu^  tie.  At 
Joints  the  tie  and  seats  are  of  extra  width. 

No.  400132;  date,  April  14, 1S91;  Ira  E.  Rlakeslee,  Kirkwood,  N.  Y. :  The  tie  is  cor- 
rugated, with  almost  six  corrugations.  The  rails  are  secured  hy  clamps  the  full 
width  of  tie.  w  ith  b.dts  inclined  about  40  degrees  outward  from  the  rails,  the  bolts 
passing  through  the  clamps,  ties,  and  low^er  washers.  The  low^er  surface  of  (damp 
and  upper  surface  of  washer  are  corrugated  to  lit  the  tie. 

No.  450145;  date,  April  14,  1891;  Elias  Dietrich,  Rochester,  N.  Y. :  The  tie  has  a 
flat  plate,  with  a  cross-shaped  rib  on  the  lower  side,  and  to  the  top  are  secured  four 
transverse  plates,  each  pair  in(diue(l  together  and  forming  a  box  for  block  of  wood 
wider  at  top  than  at  bottom. 

No.  4rM)4<IX;  date,  April  14,  ISOl;  Ellison  Saunders,  Austin,  Tex. :  A  flat  tie,  with 
raised  ends  through  whi<di  passes  a  tie-rod.  These  ends  ha  ve  diagonal  holes  passing 
through  toj)  and  sid(^s  into  which  are  driven  spikes,  the  ends  of  the  spikes  being 
clinched  on  the  outside  of  the  tie  (No.  4(53156).    (.Sc'i  Saunders  tie.) 

No.  45()(>01;  date,  A])ril  14,  1891;  Hiram  1).  Dasher,  Middletown,  Pa.:  The  tie  con- 
sists of  an  open  channel,  into  whi(di  fits  an  inverted  chanmd  of  slightly  narrower 
width.  'I'he  1  o]i  of  tin;  lat  ter  is  cut  awa\  at  the  rail  seat,  and  bent  to  form  rail 
(dami)S,  the  rail  resting  upon  an  interior  Ithx  k  of  wood.  Hori/.ontal  keys  are  dri \  en 
through  the  tie  and  bhx  ks. 

No.  I.")07:'.!»;  date,  Ai>ril  21,  1S91  ;  f.  \\.  Dunning,  Mi(hlletown,  N.  Y. :  The  ti<i  con- 
sists of  a  Mat  plate,  bent  down  at  an  angh-  of  15  -  at  the  ends  and  on  ea(di  side  of 
th(^  rail  seats,  the  middle  portion  being  horizontal,  but  Ixdow  the  rail  seats.  An 
I  beam  passes  through  opeuiuiis  in  the  inclined  faces,  l»earing  on  the  under  side  of 
the  seats  and  the  top  of  the  lower  p.u  tioii.  The  rails  are  secnre(l  by  U  1  uus  or  (damps 
(No.  12(;(;37). 

No.  151120;  date.  April  28.  18!>1;  Eeonard  E.  Frost,  P.arada,  Nebr.  :  The  ties  are  of 
±  or  -|-  section,  the  upper  and  lower  webs  corrugated,  and  the  former  cut  away 
lor  the  rails. 
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No.  451295;  date,  April  28,1891;  Bridges  Smith,  Macon.  Oa. :  A  sheet  metal  tie  of 
rectangular  box  section,  with  depeudeut  strips  exteiidmi;  t'lom  the  sides  oolow  the 
bottom.  The  rails  are  attached  by  bolts  or  otherwise,  and  the  tie  may  be  lilled  with 
ballast  or  utilized  as  a  cross  drain  (No.  453922). 

No.  451781;  date,  May  5,1891;  H.  V.  Slutz  and  T.  Slut/.  Atlanta.  Ga. :  A  longi- 
tudinal under  each  rail  is  formed  by  a  series  of  |  |  and  |  J  channel  pieces,  with 
vertical  flanges,  the  pieces  being  placed  alternately,  with  the  leg  of  one  inside  the 
next.  The  longitudinals  are  connected  by  flat  tie  bars,  and  the  rails  are  secured  by 
flat  claraps  Ijolted  against  the  sides  of  the  channel.  Wooden  filler  blocks,  or  planks, 
may  be  placed  inside  the  inverted  channels,  with  the  ends  extending  beyond  the 
longitudinals  so  as  to  increase  the  bearing  area  (No.  492895). 

No.  451804;  date,  May  5, 1891 ;  Thomas  Brown.  Thurlow.  Pa. :  A  cast-iron  tie,  with 
flat  base  ])late,  middle  rib,  and  three-sided  boxes  at  the  ends  to  receive  wooden  blocks. 
Tlie  open  ends  of  the  boxes  are  closed  by  bolted  plates  to  hold  the  blocks  in. 

No.  4.52333 ;  date.  May  12, 1891 ;  Peter  Bargion,  San  Francisco,  t'al. :  A  street  rail- 
way track,  consisting  of  a  continuous  longitudinal  bearing  for  a  llangeless  T  rail. 

No.  453099;  date,  May  2().  1891,  George  W.  Young.  Helena,  Mont. :  Across  tie  com- 
posed of  two  angle  irons  bolted  back  to  back  the  backs  having  curved  grooves 
in  which  are  driven  spikes  to  hold  the  inner  rail  flanges,  the  outer  flanges  V)eing 
held  by  fixed  lugs. 

No.  4.53721 :  date.  June  9,  1891;  David  II.  South  ward.  Coraojiolis.  Pa. :  The  tie  is 
composed  of  two  flat  ])lates,  narrowing  toward  the  inner  ends,  which  are  tnrned  and 
threa<1ed  and  conni-cted  by  a  turn  buckle  or  sleeve  nut.  A  lixed  jam  to  tit  the  inner 
flange  and  side  of  web  of  rail  is  liolted  to  each  plate,  the  outer  end  of  1he])]ate 
being  formed  to  tit  the  tlange,  web,  and  lead  of  rail. 

No.  453X8U;  date,  June  9, 1891 ;  Frank  S.  Ketchum,  New  York,  N.Y. :  A  rail  fastening 
for  metal  ties,  consisting  of  clani]i8  sec'ired  to  lugs  on  top  of  thr  tie  hy  horizontal 
bolts  (No.504()«)fi). 

No.  453922;  date,  June  9,  1891 :  Bridges  Smith,  Macon,  Ga. :  Simihir  to  No. -15129.5, 
but  with  a  flat  fasteuing  i>late  inside  the  top  of  tie.  A  fold  in  the  i)late  i)asses  up 
through  a  slot  in  the  tie  and  forms  the  outer  lug  for  the  rail,  while  the  end  passes 
through  anotln-r  slot  and  is  bent  rouiul  to  hold  the  inner  llanur.  I'he  outer  end  of 
plate  is  bent  up  aronnd  the  top  of  tie. 

No.  4.54179;  date,  June  UJ.  1S91  ;  .l..hn  .1.  Mill.  r.  I'lttshiirg,  Pa.:  A  <:ist-iron  tie 
with  vertical  ends,  or  standards,  to  whi»  li  are  attached  chairs  for  the  rails. 

No.  455537  ;  date,  July  7,  ISHl ;  .Foseph  15.  Morris.  Chester,  Pa. :  The  tie  is  of  inverted 
channel  section,  with  ribs  on  the  bottom  edge^s.  The  up])er  surface  is  formed  to  hold 
the  inner  flanges  of  rails,  the  outer  flanges  being  held  by  claraps  and  springs. 

No.  455885;  date,  July  14,  1891;  G.  II.  Poiul.  Glens  Falls,  N.  Y. :  The  tie  is  cor- 
rugated, forming  a  series  of  lengthwise  troughs,  Avith  flat  toj)  and  bottom  and 
inclined  sides,  the  o]>en  troughs  being  wider  at  top  than  at  bottom.  The  gauge  is 
maintained  l)y  projections  on  the  tie,  and  the  rails  are  held  by  small  studs  stamped 
np  from  the  metal  and  hammered  down  on  the  rail  flanges. 

No.  4.56096;  date.  July  14,  1891;  C.  P.  Howell,  Chattanooga,  Teiin. :  The  tie  is  a 
flat,  shallow  channel,  with  the  ends  turned  up.  Each  rail  rests  upon  two  ]dates,  the 
plate  being  bent  back  and  forth  upon  itself  to  form  a  sort  of  spring,  and  the  upper 
end  forming  the  rail  clamp.  The  outer  plate  buts  against  the  end  of  the  tie,  while 
the  inner  one  is  set  uj)  by  aliorizontal  serew  working  tlirough  a  lug  in  the  bottom  of 
the  tie.   (No.  473071.) 

No.  4.56.3-13  and  No.  4.56.344;  date,  July  21,  1891 ;  Alhert  E.  Roberts,  Norwalk,  Ohio: 
Each  tie  is  comx)Osed  of  two  parts  of  L  section,  set  back  to  back,  but  having  the 
backs  of  irregular  .shape  in  plan,  so  as  to  interlock.  Each  part  has  a  flat  rail  scat 
level  with  the  top  of  web,  and  has  oue  inside  aud  one  outside  lug  for  the  rails. 

No.  457.500,  No.  457517,  aud  No.  457518;  date,  August  11,  1891;  Robert  Morrell, 
Summit,  N.  J.:  A  cross-tie  of  channel  section  I      I.  with  a  wooden  or  other  block 
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Tllldrr  on  el:  mil.  Tlif  Idocks  no  I  -^d  ilicp  as  I  lir  I  i.-.  ainl  I  lie  ,si(lr>  of  tin-  lat  It-r  arc 
t  lien'fon*  cut  a\\a\  at  the  iail.srat>.  t  lie  oiil  ci' ctlms  ol'  llu>  notclics  Iiciiil;  |  n-ni  eel  cd 
liy  a  ]tl;itc  iii;ainst  tlu^  rail  liaise.  'I'lic  rails  aro  fastciu  il  li\  iucliiicil  clainii^.  liic 
lower  en<l  jjassiiiu;  tlironj;!!  the  hot  torn  oC  t  le  and  the  upper  <  ud  iisi  in^  n  pou  the  rai  I 
hase  (and  also  against  the  outside  ol"  rail  woh).  Kach  cdainji  is  ludd  l>y  a  \  inical 
hook  holt  ))assinix  throu^ih  the  bottom  of  the  ti<>.  No.  457517  is  siniilai-,  hut  with 
middle  portion  ol'  holtom  ol"  ti(>  cut  away  and  lient  down.  No.  '15751S  has  one  U 
l)olt  instead  (dtwo  hook  Ix.lls  to  eac  li  rail.     ( N<;r  Morndl  ti<\)     (No.  4H:K"»:{.) 

No.  ir.TT:::.;  date  An-u-l  11.  is;)l;  .).  ]'.  i:.  ('.  Stromeyer,  London,  Knuland:  The 
longitudinal  i->a  plate  formed  in  a  scries  ot"  hollow  curved  trou^ihs  separated  hy  nai- 
row  ridges  upon  which  I  he  rails  icst  and  upon  which  are  formed  lu^s.  The  inner 
t'acos  of  the  troughs  ha\  t>  rilis  at  rii^hf  anulcs  to  the  rails.  In  each  trouuh  is  (|ri\cii 
a  wooden  l)loi  k  w  ith  inclined  lo|>  face,  I'orminu-  the  lail  seat,  and  forcin^•  the  rail 
against  the  1iijj:s. 

No.  4.5!)7S();  date,  Scpl  cml..  r  L>-_'.  ]S!»1  ;  C.  L.  (Jihl.on  and  I".  II.  (;il)l)on.  New  York, 
N.  v.:  The  tie  is  a  shallow  invi-rtcd  trough,  and  the  rail  fastrMiinics  ifscmhli!  rail 
Itraces.  w  ith  bottom  lugs  lifting  into  liolcs  in  the  ties. 

No.  ItiOl'OO;  date,  September  20,  1801;  John  P.  Lancaster.  Goshen,  Ind. :  The  tie 
is  an  inverted  channel,  n])on  Avhicdi  are  fastened  two  clianncl-shaped  rail  seats,  with 
the  oj)en  end  tow  ard  the  aides  of  the  tie.    The  rails  are  secured  by  keyed  clamps 

No.  UilL'Cl:  date,  October  IH,  18'»1;  .John  F.  Harris,  Fort  P^dward,  N.  Y. :  The  tie 
has  two  semicircular  inverted  troughs  (or  rectangular  channels)  connected  hy  a  fiat 
st  ri])  /""X-X^  to  which  two  angle  irons  areri  veted  T)ack  to  back.  The  tops  of  the  angle 
irons  are  notched  for  the  rail  seats,  and  hinged  rail  clamps  aro  secured  betAveen  the 
angle  irons  by  pins.    (No.  466042.) 

No.  461571;  date,  October  20,  1801;  Alvan  B.  Fisher,  Rutland,  :Mass.  :  The  tie  is 

an  ojieii  (  hannel  |  |.  witli  plates  riveted  inside  near  the  ends  to  form  boxes  for 

w  ooden  blo(  ks  to  w  hic  h  the  rails  are  spiked.  Angle  iron  brackets  are  riveted  to  the 
8i<les  of  the  channel  on  the  ontsid<^  to  prevent  lateral  motion. 

No.  4(n775;  date,  October  20,  1891;  Enoch  L.  Tayh)r,  I'hiladeljdiia,  Ta. :  The  ti.' 
is  a  shallow  inverted  channel  with  lugs  stamped  up  for  the  outer  rail  fastenings,  and 
<dam]ts  with  horizontal  hook  bolts  for  the  inner  fastenings.  A  slot  is  cut  in  the 
middle  of  the  tie.  through  Avhich  a  fl-shajicd  staple  or  anchor  is  dri\cn  into  the 
ground.    \  Nos.  524350  and  .525i)27.) 

No.  1()2()()2:  date,  October  27,  1801;  James  M.  Price.  Philadelidiia.  Pa.:  Flat  (or 
shallow  inverted  channel)  cross-ties  bent  down  at  the  ends  and  then  horizontally. 
The  rails  are  fastened  to  the  ties  by  clamps  and  vertical  l)olts.  The  ties  may  be  con- 
nected l)y  ]dale  h)ngitndinals  bent  to  form  a  series  of  troughs.  (Nos.  427100,  430500, 
and  131172.) 

No.  402717:  date.  November  10,  isill ;  James  11.  Lynch,  Addison,  N.  Y. :  The  tie  is 

an  open  channel  |  |.  with  thrcti  c.\  lindrical  bars  across  the  top  at  each  seat,  these 

bars  HUj)i)ortnig  the  rails,  which  are  secured  by  clamps  of  f|  shajx'  straddling  the  tie 
and  fastened  by  keys. 

No.  402!t<M):  date.  November  10,  ISOI ;  William  P,  Hall,  Piciua,  Ohio :  The  tie  is  an 
inverted  trouuh  with  convex  sides,  the  lower  edges  of  Avhicdi  are  bentup  in  the  form 
<d  gutters.  The  rail  clamjis  are  held  b\-  Ixdts  of  II  g  I  slia])e,  the  lower  leg  being 
a  l(»o|i,  to  get  a  hold  in  the  ballast. 

No.  n).3(U5  ami  No.  tii.'JoKi;  dale.  Noveiiil.ci-  10,  1801;  Charles  P.  Hammond,  P.ir- 
mingham,  Al;i. :  A  shallow  inverted  (diannel  tie,  with  inclined  sides.  The  rails  are 
1h  Id  by  lugs  or  clanii>s  fitting  into  boles  in  the  tie  and  secured  by  taper  keys.  The 
middle,  part  of  the  top  is  cut  away  and  the  ends  of  the  o)iening  turned  down.  {See 
Hammond  tie.) 

No.  1034.56;  date,  November  17,  18{)1  ;  Kllison  Saumlers,  A  ust  in,  Tex. :  Aflat  tie 
w  ith  two  blocks  for  rail  seats  connccled  by  a  tie-rod.    The  rail-seat  blocks  have 
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curved  spike  boles  iuto  which  spikes  are  driven,  and  so  bent  that  they  will  not  work 
loose.    (No.  450498.) 

No.  464054;  date,  December  1,  1891;  Jacob  C.  Wolfe,  New  York,  N.  Y. :  The  ties  are 
of  cast  iron,  of  rectangular  section,  Avitb  large  boles  in  the  sides  and  ends,  and  hav- 
ing several  transverse  diaphragms,  also  pierced  with  boles.  The  rails  are  bolted  to 
flat  seats,  each  supported  by  one  of  the  diaphragms. 

No.  464309;  date,  December  1,  1891;  William  B.  Teall,  Mason,  Mich.:  The  tie  is 
composed  of  two  angles,  irons  back  to  back  |  |  ,  one  end  of  each  top  table  being 
turned  down  to  form  a  closed  end.  A  tie  plate,  with  lugs  at  two  diagonally  opposite 
corners,  is  ])laced  between  the  rail  and  tie,  swung  around  to  bring  the  lugs  over  the 
rail  flange,  and  then  Ijolted  to  the  top  table. 

No.  464424;  date,  December  1,  1891;  Albert  (J.  Budingtou,  Austin,  Tex. :  The  tie  is 
approximately  X  section  with  a  base  broader  than  tlie  head.  The  iiead  is  recessed  to 
receive  the  rail  ami  grip  the  outer  flange,  the  inner  flange  being  held  by  a  dovetailed 
clamp  let  into  the  head  and  secured  l>y  a  bolt.    (No.  479625  and  No.  517915.) 

No.  464.552;  date,  December  8,  1891;  John  A.  Carl,  Bridgeport,  Pa.:  A  box-shaped 
tie,  narrower  at  top  than  at  bottom,  with  two  ribs  on  the  center  line  inside,  each  rib 
being  a  curved  top  touching  the  underside  of  top  table  under  the  rail  seat.  The 
middle  of  top  tabic  is  cut  away.  Th«'  rails  are  s])ike(l  to  tiller  blocks  inside  the  tie, 
two  for  each  r.iil. 

No.4a526S;  date.  December  15,  1891;  J.  W.  Hardy  and  W.  O.  L.  .lewett,  Shelbina, 
Mo. :  A  tie  of  f  |  |  section  with  grooves  for  the  rails,  and  a  longitudinal  groove 
between  these,  in  which  slide  clamp  plates  to  hold  the  inner  flanges  of  rails. 

No.  465874;  date,  December  29,  1891;  John  Moser  and  Ernest  Moeckel,  Ashland, 
Wis.:  The  tie  is  a  shallow  T  iron,  curved  upward  between  the  rail  seats.  To  each 
rail  seat  is  riveted  a  rectangular  l>o\.  in  which  is  a  block  of  wood,  rubl>er,  etc.  The 
outer  flange  of  rail  is  held  by  a  T  headed  spike  driven  into  the  block  (tlu^  back  of 
spike  bearing  against  the  side  of  the  Ikix),  while  the  inner  llange  is  lu'ld  by  a  clam]) 
screwed  through  tlu;  top  of  the  si«le  of  the  box. 

No.46616S;  date,  December  29.  1S!>1 ;  Francis  II.  ]  licks.  Lit  lie  1,'ock,  Ark. :  The  tie 
is  foniu'd  of  two  sheet-steel  angles  the  full  length  of  tin?  tie,  the;  horizontal  edges 
overla))i)ing,  and  the  vertical  sides  having  narrow  horizontal  flanges  |  |. 
Each  jiiece  has  one  inside  and  one  outside  rail  lug,  and  the  two  i)ie<-es  arc  Itronght 
together  by  two  horizontal  bolts. 

No.  466218;  date,  December  2*M891 ;  Theodore  S.  Brooks,  (iarri.son,  X.  Y. :  The  tie 
is  a  stam<)ed  or  dished  i»late,  with  two  bolted  clamps  to  each  rail,  the  rail  resting 
ui)on  the  horizontal  parts  of  the  clamps.  The  bolts  are  inclined  outward  from  the 
vertical. 

No.  466942;  date.  .January  12,  1S92;  Jolm  IMIarris.  Tort  Edward,  N.Y.:  A  tie  of 
open  channel  section  I  f  pressed  uj*  from  a  blank.  The  top  edges  are  notched  for 
the  rails,  which  are  si>ike(l  to  wooden  blocks  held  in  ])lace  by  two  horizontal  bolts 
to  each  block.    (No.  461261.) 

No.  4()7166;  date.  January  1!MS92;  A.  .1.  1  lartford.  New  York,  N.  Y. :  The  tic  is  an 

open  channel,  with  jeinforced  top  edges  |  |,  and  has  the  edges  notched  to  fit 

over  both  rail  flanges,  an  inclined  slot  from  the  lower  inner  edge  of  each  notch 
allowing  the  rail  to  be  slip]>ed  in  until  the  outer  flange  passes  into  the  notch.  Th£ 
rail  rests  on  a  wooden  or  other  cushion  block  fitted  into  a  channel-shaped  box  rest- 
ing inside  the  tie.    (No.  4780.58  and  No.  487733.) 

No.  467432;  date,  January  19, 1892;  James  M.  Price,  Philadelphia,  Pa. :  Each  rail 
rests  intermittently  on  a  longitudinal  of  shallow  inverted  trough  or  channel  section, 
bent  to  form  a  series  of  troughs,  to  the  tops  of  which  the  rails  are  secured  by  bolts 
and  clamps.  At  intervals  the  top  of  the  troughs  rest  upon  saddles  having  inclined 
sides  and  horizontal  bottom  flanges  at  right  angles  to  the  rails,  the  saddles  being 
connected  by  the  rods.    (No.  427109.) 

No.  467790;  date,  January  26,  1892;  Joseph  .1.  Crane,  Suimncrtown,  Tenn. :  Across- 
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tic  of  _L  srri  ion.  \\  i  I  li  il.it  r:i  il  nc;i  t  I  Im>  I  oI  ill.'  Well.  >ii  |.|i(irt  1(1  liy  luacktl  s  or 
\\rl).s  until  r  lli'-  1 1 <•  1'  i  ;i  i  1.  ['ixnl  lip^s  aicon  t  In-  on  t  >i«lr  .i  iid  l•oll(^(|  cl.'iniiis  on 
I  hf  in>i«lt'  <>r  I  he  r.ii  Is.     \S,,  (  ranc  \  \v.\ 

No.  |(;s:;(;i);  datr.  I'.'l.m.iry  Charlrs  1'.  N.-lson.  W  i  mln  si  cr.  \  .a.  :  Tlir  tic  is 

of  J_  oi  ^  stM  iion,  lull  with  concave  >itlcs.  The  lop  is  nolclicd  lor  r.iij  scats,  and 
cat  li  rail  lia^  t  In-  inner  llanm'  liidil  1)>  two  Inxdv  l)ol t s  w  liosc  mils  licar  a^ainsl  (lie, 
cinls  «d'  a  |daie  lillin^  into  a  hole  in  tlie  lio  ncarl;;  under  the  onti  r  edne  of  rail. 

No.  iTini'.M  ;  ilate,  M.irch  LISUl';  Thoni.is  ('.  A  ndersoii.  Moscow  .  N.^'.:  TIic  tid  Ih 
cttniiioscd  ol'  I  \v  <>  (liaiinels,  lli(>  lower  one  open,  t  lie  npper  one  (slightly  narrower) 
in  \  cited  and  lilt  inu  into  the  low  er  one.  The  rails  are  rasteiied  to  I  he  lop  la  Ide  id' t  he 
nppcr  channid  h\  In^s  and  Itollcd  clamps.  " 

No.  I7(>."),s.'. ;  dale.  Man  h  S.  IMIL*;  1  Molia  I  ;i  nd  T.  ( J .  Wol  I",  Scran  t  on.  I'a  .  :  The  lie 
is  inadc  of  old  track  rails  in\erleil,  w  ith  rail  chains  or  (  lamps  bolted  to  the  llanu,es. 
It  ma\  he  made  ot'  two  jtaralhd  ra  ils  holt  od  to<;ot  her,  of  on(i  rail  with  an  extra  piece 
at  CM  h  (Mid  to  i^ive  increased  width,  or  two  ])i<'c<'s  at  cat  h  end,  witli  a  connect  i  nii; 
t  ie  har.    I  No.  ITl'IKH.  ) 

No.  ITiMil  1  ;  date.  Martdi  S.  ISIH';  K'ich.ird  W".  Kin.u-.  \Vi(diita,  Kans. :  Shallow  tron-h 
lon^itndinals  are  used,  w  ith  tiat  tops  and  cnrvcd  si(l(!«.  At  iiit<'rvals  tlio  lon.>;itndi- 
nals  are  recessed  to  receive  the  s,ad(ll(>  ends  of  ti(^  rods,  the  saddle  carryiiifjj  the  inner 
1()l;s  of  rail  ta^-l  en  i  n  <;s  a  ml  ha  \  i  ii  on  t  er  (da  nips  hoi  t  ed  throuuh  saddle  ami  lon;;itii- 
dinals.    ^No.  liiiiltlT..) 

No.  17071)0;  date,  Man  h  1."..  I.s!t2:  K'nfiis  ( )sl)onu\  T(dvon,sha,  Mieh. :  Metal  lon-i- 
tndiiKil  an<;le.s  I  I  hold  wooden  loiif^itiidiuaLs,  and  these  are  crossed  at  intervals 
h\  cross-ties  of  similar  section  hut  with  the  vertical  Avebs  closer  togetlier.  (No. 
139174.) 

No.  1707!fr);  date.  .March  lo,  1S!>2;  George  W.  Stevenson,  Readiug,  I'a. :  Tlie  tie  is  of 
box  8haj)e,  with  the  ton  cut  away  at  the  middle  to  receive  heavy  clamp  plates 
whose  ends  abut  against  a  central  bar.  Tlu^  rails  rest  on  wood  blocks  inserted  in 
the  ends  of  the  ties. 

No.  17(i!ii)|  ;  date,  M.iieh  1.").  is;i2;  Ambrose  W.  Stranb,  l'hiladeli)hia,  Ta.  :  The 
loiiM it iidinals  aro  shallow  .  w  irh  daring  sides  turned  up  at  the  edges  like  gutters,  a 
central  ril>  nuderneatli  and  an  n])]>er  l  ib  on  the  ontside  of  the  rail  seat.  The  inner 
llaiiL^es  of  rails  are  Indd  by  Itolted  (damps.  .Vt  interx  als  the  longitudinals  rest  on 
inverted  (Inunn  1  cross-ties,  with  curved  to[)  table  and  one  side  dee])er  than  the 
other. 

No.  nir)S2;  date.  March  20,  1892;  A.  (i.  K.  Westmacott  and  J.  P.  Hutchinson,  New- 
town. Pa. :  The  ties  are  in  section  like  the  hull  of  a  boat,  the  top  table  cut  away  at 
the  middle  and  bent  over  the  en<ls.  'I'he  rails  are  fastened  V)y  spikes  or  studs.  J^o. 
I7ir)8;>  is  similar,  but  tin;  ties  are  of  inverted  trough  section,  wider  at  the  bottom 
and  having  horizontal  bottom  llano  s. 

No.  172031;  date,  Ai)ril  ."),  1N!»2 ;  .lolin  ("onley.  1  >eii  \  (!r,  Colo.  :  This  is  a  i)atent  rail 
fastening  consisting  of  a  metal  rod,  jiart  of  which  is  coiled  spirall\  .  It  lies  within 
the  tie  and  has  one  end  liooked  ()\  er  the  inner  t  ail  llange  and  tin;  other  over  the  end 
of  the  tie. 

No.  I72!»(ll;  date,  .\pril  12,  1S!I2;  i:.  S.  Moffat  and  T.  (J.  Wolf,  Scranton.  Pa.:  The 
tie  is  an  old  rail,  head  Mi)periiiost,  w  i  t  li  cha  i  rs  li  1 1  i  ng  o\ er  the  head  and  rivaded  or 
bolted  t(»  t  he  w(d).  l'>olteiland  riveted  rail  clamps  are  on  to)»  of  the  (diair.  (No. 
17().")S."',. ) 

No.  173071;  date,  April  1S!)2;  ('.  P.  liowtdl,  Chattanooga,  Tcnn. :  The  tie  is  a 
shallow  (dninnel  w  ith  <  1os«mI  ends,  and  the  top  tabl(>  at  the  ends  l)ent  to  (it  the  otiter 
tlang(!  and  web  of  the  rail.  The  inner  llange  is  ludd  by  a  similai-  clamp  w  ith  bIo(d< 
under  the  rail,  a  horizontal  boll  passing  through  the  (damp  and  end  of  tie.  (No. 
456096. ) 

No.  473934;  date,  May  3,  1S92;  Orv  ill.-  ^\■.  Km.x,  Oneida,  N.  V. :  The  ties  are  of  T 
section  with  cross  ribs  at  middle  and  ends,  and  the  rails  are  secured  by  large  flat 
l)olted  (damp  plates,    fNo.  l»)271t)  ) 
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No.  473999;  date,  ^lay  3,  1892;  Hiram  Daily,  Lancaster,  Pa.:  The  tie  is  of  semi- 
cyliudrieal  section  with  flat  part  on  bottom.    Bolted  jaws  secure  the  rails. 

No.  474216;  date,  May  3,  1892;  Robert  J.  Colvin,  Lancaster,  Pa.:  The  cross-ties 
are  of  ^  section  with  curved  bottom  flanges,  and  between  the  ties  are  longitudinal 
bearings  of  I  section,  with  ends  sloped  to  tit  the  contour  of  tie.  The  rails  are 
secured  hy  spikes  or  studs. 

Xo.  474873;  date,  May  17,  1892;  Alexander  Story,  Washington,  Iowa,:  The  tie  is 
composed  of  two  pieces  side  by  side,  each  carrying  one  inner  and  one  outer  rail  Ing, 
The  pieces  are  secured  together  by  a  tape  horizontal  key.  Eacli  piece  is  of  inverted 
channel  section  with  heavy  ribs  across  the  clianneL 

No.  474877:  date.  May  17,  1892;  Ezekiel  F.  Taylor.  Washington,  Ky. :  The  ties  are 
rectangular  bars  laid  diagonally  across  the  track  and  forming  a  continuous  w-  flie 
ends  are  shaped  to  lit  into  trianguhir  shoes. 

No.  475981;  date.  May  31,1892:  Frank  S.  Ketchum.  New  York,  N.  V. :  A  shallow 
inverted  channel  tie,  has  a  holl(»w  ril>  stanii)c(l  u\*  along  the  mid-line  of  top  talilc,  the 
rib  lieing  cut  away  at  the  rail  seats. 

No.  475999;  date.  May  31.  1892;  Frank  A.  Hyiam.  Philadelphia.  I'a.  :  The  tie  is 

formed  from  a  flat  blank  of  (-  shape  or  i)lan,  the  side  and  end  wings  l)ent  up  to 

form  thrce-si(k-d  boxes  for  wooden  blocks.  The  middle  portion  is  shaped  to  a  /\ 
section. 

No.  476401  ;  date.  .1  une  7.  1.^92  ;  William  MeManes  and  tJeorge  E.  Lnm.  Sumniit,  X..J . : 
The  tie  is  an  open  channel,  e<lges  notched  for  rail  seats,  and  a  wooden  block  under 
end  rail.  Tht,'  flat  clamp  i)lates  have  the  ba«-k  edges  fitting  in  slots  in  the  sides  of 
the  tie,  and  end  clamp  is  hehl  l»y  an  inclined  hook  bolt,  not  passing  through  the 
block. 

No.  477112;  date,  Juno  14,  1892;  William  A.  (iraeher,  Shenandoah.  I'a. :  The  tie  is 
of  seniicylindrical  8ecti(»n,  oi)eQ  at  ])ottom.  \\  it h  a  Mat  plate  extending  beyond  the 
top  \  ,  the  rail  clamp  being  bolted  to  the  llanges.  Another  form  of  tie  is  of  V 
section  with  concaved  sides. 

No.  477679;  «late,  .June  28,  1892 :  Arthur  , I.  Moxham.  .Johnstown.  Pa.  :  The  tie  is  an 
inverted  channel  with  a  ridge  at  end  rail  seat,  to  which  ridge  is  welded  the  web  of  a 
flanueless  T  street  rail.    (Xo.  .->()5988,  ,508()3X,  513712. ) 

Xo. 4780.58;  date,  .lune  28,  1892;  Arthur  .1.  Hartford,  Xew  York.  X.  V. :  A  i)ressed 
steel  tie  of  inverted  channol  section,  of  the  general  Ibrm  shown  mi  Plate  Xo.  31,  but 
with  a  recessed  pocket  on  each  side  of  end  rail  seat,  the  inclined  l»ottom  of  ]»ocket 
causing  the  bolts  to  incline  (Uitward  from  the  rails.    (No.  467166.) 

Xo.  479,289;  date,  .Inly  19.  1><92 ;  Henry  A.  Liddon,  Brainerd,  Minn.:  The  tie  is  of 
inverted  channel  section,  with  two  outside  lugs  stamjied  up  at  each  rail  seat,  and  an 
inner  clami*  jdate  secured  by  a  ^  shaped  clamp  gripping  the  i)late  rod  tie. 

No.  47!t625;  date,  .Inly  26,  l!S92;  Alberts.  Budington,  xVustin,  Tex. :  A  tie  of  approx- 
imately ±  or  ^section,  with  upper  ]>art  separate  from  lower.  Pails  secured  by 
dovetailed  and  bolted  clamps.    (No.  464424.) 

No.  479808;  Thom;is  W.  Hutchins,  Wyoming,  Pa. :  A  tie  formed  of  blocks  of  con- 
crete, burnt  clay,  etc.,  held  together  by  a  tie-rod. 

No.  482967;  date,  September  20,  1892;  Charles  B.  Macneal,  Philadelphia,  Pa.:  Atie 
composed  of  an  old  track  rail,  with  the  head  cut  away  to  form  a  lug  for  inner  tlange 
of  rail,  and  the  ends  bolted  to  cast  chairs  whose  upper  parts  carry  the  outer  lugs. 
(No.  503054.) 

No.  482997;  date,  September  20,1892;  Robert  E.  Daniels,  Youngstown,  Ohio:  A 
corrugated  tie,  to  whicli  the  rails  are  fastened  by  V  pieces,  the  upright  lip  being  bent 
down  upon  the  rail  flanges.    (See  Daniels  tie.)    (No.  522974.) 

No.  483518;  date,  October  4,  1892;  Hugo  Alexy,  Budapest,  Austria-Hungary:  A 
fastening  consisting  of  an  outside  gib,  two  inside  gibs  back  to  back  (as  in  PI.  13), 
with  a  vertical  key  between  the  latter.  The  key  is  broader  at  the  base,  and  the  top 
is  threaded,  the  key  being  drawn  up  by  a  nut. 
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Nt).  l^;{77;;;  <l;il»-.  (t.inl.fi-  I.  1"..  I',  and  M.  I".  I '.iMok  I  \  n .  N.  V.:  A  Hal 

rross- 1  io,  w  il  h  nuls  i  iu  vi  d  du  w  n.  The  i  a  i  I  la^t  ciiiii^s  an-  a  tdiii  In  iiat  ii  iii  <>l'  li  vcd  ci' 
rivrtt'd  liins  anil  iiiovalili'  loikiiiu  T  «  l;iiiii)s  sd  up  lt\  riniilai  Ia|in  Im  i|  I  s  <1 1  i  \  cii 
iiihUt  tlio  Kai  k  of  .•lamp.     (NO.  .".O:;  1  \ 

No.  |s;;SL'l:  <lat.-,  OfloixT  I.  ls:iL':  .--aiiiiicl  II.  W  ilson,  WCI.-tci-.  Ma^-s.  :  'I  liis  lio 
is  similar  to  lli«-  Scvrrac  t\|tf.  It  is  .i  Iiil:1i  I  Ixam.  wilii  a  wide,  llal  i)asr  |dat(i 
uiidrr  carh  t-nd  »«\tt  iidinu  a  tliiid  of  llic  Iciiulli.  <  »ii  lop  aro  Uc\  <'d  t  w  o  open  t  ljaii- 
mds,  with  tlif  sides  ii(>t(  lied  foi'  the  i.iils  to  ifst  on  thin  wnodm  cnsiiions.  I  he  r.iils 
ai»' sccuumI  hy  (lamps  and  Vfi  t  ical  Ixdts  havin-  the  heads  under  the  lop  Ihm^eol" 
tlif  I  heani. 

N«».  4S:>s:):;.  No.  |s;;,s:.!,  and  No.  |s;!S.V>;  date.  Oetoher  I,  IS'.M;  l.'.d.eil  Morridl, 
SniiMMit.  N.  .1.:  An  opiMi  (diantud  lie  formed  iVom  a  Ithxlv  ha\in^  a  red  a  ni;n  lar 
opening  in  t  he  l)ot  lorn,  ihesidescd  wliiih  are  hent  downuaid.  No.  |s;;s.")I  i«sem- 
hles  tile  other  Moirell  ties.  an  iron  stool  replaces  the  wooden  lihx  k  I'or  the  lail. 
\().  IS.SS.").")  is  l"or  a  lasteninL;-  consist  inu  (d' t  w  o  S  clamps,  one  on  ea(di  side  o/  tiie 
wooden  hlock.  Tin'  top  loop  lits  over  the  rail  lianj^c  and  the  hottom  1(H)])  under  a 
bolt  aeross  the  tie  near  the  lioiiom.  The  elam])s  arc  held  to«;ct.her  hy  a  horizontal 
holt    (No.  l.")750()i. 

Xo.  18IO:5('.:  date.  (Utoher  11.  |Siii>;  Ihomatj  I!.  Moore,  riiiladelphia.  I'a..  and  .lohii 
'!".  llodusou,  Ma\\\(>o(l.  111.:  The  tie  is  of  in\  cited  cliaiiiKd  «eetion,  with  llarhig  sides, 
ami  the  top  tal)le  cut  away  at  the  middle,  l^aeh  rail  is  held  by  two  n  elamps,  the 
leu  of  whitdi  enters  a  hole  in  the  tie.  A  vertical  bolt  and  nut  holds  each  clamp.  A 
stud  littini:^  a  Ivole  in  the  tie  and  a  reces.s  in  the  rail  base  prevent  creei)ing. 

Xo.  1818."5;  date,  October  25,  1892;  William  M.  Hewitt,  Cbattanoo<ra,  Tenn.:  A 
crossbar  is  bent  up  at  the  ends  to  make  the  rail  seat  above  the  middle  of  the  bar, 
and  tli(!  ends  aie  I'ormed  into  lui^s  to  hold  the  outer  rail  tlanges,  the  inner  tlange 
being  held  b\  a  (lani])  and  U  bolt  embracing  the  bar.  A  rectangular  block  of 
as]dialt  or  virritied  *  lay.  etc.  at  each  end  has  an  opening  to  receive  the  l)ar,  and 
these  l>Ioeks  provide  the  necessary  bearing  area. 

Xo.  485097;  date,  ()ctol)er  25.  1X92;  'Jliornton  W.  Fay,  Philadelphia,  I'a.:  A  liat 
plate,  with  ribs  ]»r(»ssed  up  to  liold  the  rail  flanges;  these  to  be  spiked  at  intervals 
to  the  wooden  ties. 

No.  48()077;  date,  XovemlxM-  15.  1892;  .Jerome  M.  r.ordner,  Talmyra.  I'a.:  A  solid 
flat  tie,  with  outside  rail  braces  and  inside  tlange  claiu[)s,  both  ha\ ing  lugs  entering 
chambers  iu  the  tie  and  secured  by  a  through  bolt  to  each. 

Xo.  486628;  date,  November  22,  1892;  .)oseph  L.  Chapnum,  Haddon licdd.  N.  J.:  A 
cast-iron  tie  of  invi'rted  (hannel  section,  with  llaring  sides  wider  at  tin;  bottom. 
The  width  is  reduced  at  the  middle.  At  each  eml  is  a  raised  h.)llow  rail  seat,  nii(l<!r 
which  tit  the  heads  of  the  (  himi)  bolts. 

No.  186741;  date,  November  22,  1S<)2;  Thomas  \\.  .Smith,  Bridgeport,  Ohio:  A  Hat 
plate,  with  enlarged  ends  having  the  sides  bent  up  and  cut  to  form  lugs  for  the  lail. 
It  is  to  ]ire\cn  t  spi  cadi  nn'of  t  he  ra  i  Is.  and  is  spiked  on  top  of  the  ordinary  wooden 
tie. 

No.  4S6!».59;  date.  Novemhei-  2!l,  1892;  George  II.  S(dlers,  h'idh.x  Park.  I'a.:  An 
inverted  channel  tie.  w  ith  lluled  or  corrugated  sides  and  ends,  and  w  ith  rail  seats 
pressr'd  uj)  from  the  top  t  .i  hie.  Anule  bar  clani|)s  are  used .  t  he  out  er  ones  secured 
by  two  rivets  and  the  inner  oim's  by  two  bolts  ea(  li.  i-ini-rs  between  the  w»d»  ;iiid 
inner  clanij)  and  W(  !>  (d'  l  ail  allow  for  adjust  nn-nf  of  gan^c. 

No.  487016;  date,  November  29,  1.892;  Louis  A.  Kenyon,  I'airwater.  Wis.:  The  tie 
has  a  flat  rectangular  base,  with  raised  rail  seats  connected  by  a  ril)  \.J\^sha))ed 
in  plan.  The  outer  llange  of  the  rail  is  held  by  a  cast  lug,  and  the  inner  tlange  (or 
both  flanges)  by  a  ])air  of  flat  wedge-shaped  spikes  dri\cn  ba(  k  to  ba(  k  into  a  hole 
sloping  slightly  under  the  rail. 

No.  4S7S51;  date.  December  »;.  ISfiJ:  ]^iss(dl  1).  I'rice.  I'arkside,  I'a.:  The  tic  is  of 
tubular  secti«m,  with  llattened  bottom  ami  the  top  bent  dow  n  at  the  ends  to  form 
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recessed  rail  seats.  The  flat  rail  clamps  liave  semi  cylindrical  back  edges  fitting-  into 
tlie  edges  of  the  recess. 

No.  487642;  date,  December  6.  1892;  Calvin  M.  Eeed,  Hoppenville,  Pa.:  A  cross- 
tie  of  inverted  trough  section  cut  out  at  the  rail  seats,  the  rails,  being  secured 
by  wedges  driven  inside  the  top  of  tie  and  passing  through  the  rail  w  eh. 

No.  487733;  date,  December  13, 1892;  Arthur  J.  Ilarttbrd,  New  York,  X.Y. :  A  cross- 
tie  of  inverted  channel  section,  with  the  ends  bent  down  at  an  angle  and  then  turned 
horizontal  again.  The  outer  flange  of  the  rail  is  held  by  a  stamped  iug,  the  inner 
flange  by  a  lug  on  a  tie  plate;  an  inner  stamped  lug  bears  against  the  back  of  the 
tie  plate.    (Xo.  167166  and  Xo.  478058.) 

No.  4879.52;  date,  December  13,  1892;  Andreas  Mattijetz,  Giddings,  Tex.:  An  open 
shallow  channel  tie,  with  two  rail  seats  of  inverted  channels  fitted  inside  the  tie, 
and  having  four  riveted  clamps  to  each  rail.  The  ends  are  closed  by  channel  riveted 
inside  the  tie. 

Xo.  488578;  date,  December  27,  1892;  .Samuel  K.  Scliarf,  Washington,  D.  C:  The 
tie  is  of  inverted  channel  section,  with  the  ends  bent  at  an  angle  below  the  body  so 
as  to  hold  a  core  of  ballast.  One  flange  of  tlu'  rail  is  held  by  a  stamped  or  riveted 
lug.  The  other  is  held  by  a  gib,  with  a  bearing  block  at  the  back  having  a  curved 
hole  so  that  the  lower  end  of  a  spike  takes  hold  of  the  underside  of  the  top  table. 

No.  488904;  date,  December  27,  1892;  William  W.  Pitts,  San  Luis  Potosi,  Mexico: 
The  tie  is  a  narrow,  deep,  inverted,  channel  with  horizontal  bottom  flanges  PI 
The  rail  rests  on  a  saddle  piece  on  top  of  tie,  and  is  secured  by  disk-sha])ed  claiups 
having  a  notch  in  one  side  for  the  tie  and  rail  flange,  and  at  the  opposite  side  for  the 
tie.    The  horizontal  flanges  of  the  ties  fit  into  the  slotted  ends  of  longitudinal  braces. 

Xo.  490.586;  date,  .January  24,  1893;  Sanuiel  McElfatrick,  Princeton,  Ky. :  The 
section  of  the  tie  is  | — '  or  with  the  upper  web  cut  away  at  the  rail  seats,  an<l 
theen«ls  of  this  web  shaped  to  tit  the  outside  of  rail  llange  and  web.  An  angle  iron 
between  the  rails  has  its  horizontal  flange  under  the  tie  and  the  ends  of  its  web 
fcrin«'d  to  fit  the  inside  of  rail  flange  an»l  wt'b.  It  is  .secured  to  the  wel)  of  the  tie 
by  a  horizontal  bolt.    (Xo.  497(578.) 

No.  491041;  d.ite,  .January  31,  1893;  Hiram  1).  Dasher,  Middletown,  Pa.:  The  tie 
is  an  open  channel,  with  edges  notched  for  the  rail  base  and  the  rail  resting  on  a 
wooden  block.  Tln'  top  of  the  channel  is  covered  at  the  ends,  the  end  of  the  strip 
forming  the  outer  lug  for  the  mil.  The  inner  Hange  of  rail  is  held  by  an  nngle  clamp 
7  set  up  by  a  horizontal  tai)er  key  driven  through  the  tie  against  its  back.  (No. 
4394S2. ) 

No.  491048;  date,  January  31,  1893;  Charles  A.  Oildemeyer,  Haddonfield,  N.  J.: 
The  tie  has  two  flat  circular  ends  for  rail  seats,  with  arms  butted  or  halved  together 
at  the  middle  and  bolted  or  riveted.  Each  rail  seat  has  a  lug  at  one  side  and  a 
vertical  clamp  bolted  to  the  other  si<le,  the  latter  gripping  both  rail  flanges. 

No.  491206-;  dat<^  February  7,  1893;  William  H.  Brooks,  West  Point,  N.  Y. :  A  fast- 
ening consisting  of  a  vertical  hook  bolt,  with  the  vertical  Iclj  passing  through  the 
rail  clamj)  and  secured  by  a  split  pin. 

No.  491229;  date,  February  7.  1893;  Nathan  M.  Thomas,  Aberdeen,  Md. :  A  rec- 
tangular box  tie,  with  each  rail  wedged  between  the  ends  of  two  long  jilates,  the 
back  of  one  plate  bearing  against  the  outer  end  of  tie  and  that  of  the  other  against  a 
middle  rib  across  the  tie. 

No.  491441;  date,  February  7,  1893;  Alfred  H.  Xewpher,  Pullman,  111. :  A  device  to 
prevent  rail  spreading.  Each  rail  rests  on  two  blocks,  having  lugs  holding  the 
flanges,  an<l  a  tie-rod  passes  through  the  lower  part  of  all  four  blocks  and  is  secured 
by  nuts. 

No.  491922;  date,  February  14,  1893;  T.  .J.  Bronson  and  A.  Armstrong,  .Jacksonville, 
111. :  A  semicylindrical  tie,  with  horizontal  bottom  flanges  and  fixed  inside  lugs  for 
the  rails.    The  rail  seats  are  saddle  pieces  and  the  outer  lugs  are  Itolted  to  the  tie. 

No.  492121;  date,  February  21, 1893;  Ambrose  W.  Straub,  Philadelphia,  Pa. :  A  tie 


I'A'ri'.N'I'S    KM'.l.AIMNC   TO   .MIllWL  TKACKS. 


305 


of  I       ,  section,  w  ith  a  |iai  l  ol  (In-        i/oiital  tal)lc  cut  a'vav  and  itscdifcs  liciit  up 

anil  <li>\vii.     At  cat  li  rail  >>cai  aic  IidIiciI  t  wo  an-ilc  lions   |  |  .  with  a  wooden 

ln'arin^  block  l»ct\\ccn.oi  lia\ iiiix  llic  lops  loriiird  to  sii|i|t(>it  and  ^rip  tin-  rail 
llanL;t«.    (  N<r  St  i  anl>  t  ic.  i 

\...  Ilfjllti:  d.iic,  I'.  l.i  iiar>  I'S.  \S\K\;  (icoruc  Tai  rant.  i'.randoii,  N.  \.  I'hc  tic  is  of 
-f-  sli;ip<'.  \\illi  a  xcilK  al  cvlindci-  I'or  carli  rail  scat,  in  wliidi  is  liitid  .1  riiMicr 
l)l(ud<.  The  1 ,11 1  r«st  s  on  .1  tic  plate  ha  \  i  ii^  I  w  o  1 11  lis  I  ( ir  t  In-  1:1 1 1 .  .1  lii'j,  .1 1  <  aih  end 
to  bolt  against  thcweliol'  the  tic.  and  a  projecting  disk  Ix  lnu  to  lit  inio  the  tie 
cylinder. 

No.  Ili-_'s;i:.;  date.  Mar(  li  7.  isii:!;  II.  \'.  Slut/,  of  Alta.  and  T.  Slntz.  ol'  Storm  L;ik(!, 
Iowa  :  The  hui- it  iidinal  is  similar  to  I  hat  of  t  heir  i)ateiit.  No.  l.")17Sl.  l.iil  the  track  is 
St  r<'ni:l  hciicd  lt\  occasional  cro>s-t  ics  of  |  |  section  on  cur\(s,  while,  to  allow  for 
ciiixature,  wedges  or  tillers  arc  place  between  tlu;  o\ ciiappinu'  \('rt  ical  Inusof  tlio 
(Tninnels  forniin;^  the  longitudinal  on  the  inner  side  of  t ho  curvi;.    (No.  lolTJSl.) 

No.  15tS().~)L' ;  date.  Mar<di  7.  lS!i;; ;  11.  L.  Arnold,  ( ieori^ctown,  T(!X. :  The  cross-ties  aro 
of  A  section,  w  itli  daitciied  top.  liaviui^  dovetaihHl  recesses  for  the  rails,  which  are 
s(>cnrcd  b\  blocks  or  wedncs.  w  ith  irrooves  littini;-  the  rail  llaiii^es.  lietween  thr  tie 
is  a  box-shaped  Itcarin.n'  pie((>  under  each  rail,  the  etuis  of  the  boxes  con\-erle(l 
with  the  rail  wedge  scats. 

No.  4M:II}>2;  date,  Man  h  II.  1SJ»3;C.  L.  Fltzhugh,  of  Alle.oheny,  and  S.  8.  Babbitt, 
of  Pittsbnru:.  Pa. :  The  tie  is  c()nii)osed  of  two  or  three  clianu(ds  placed  side  by  side, 
I  I  I  1 1  I ,  eac  li  one  haA'iny  one  cud  bent  dowu  below  the  level  of  the  body, 
and  lia\  in<i-  Two  rail  In^s,    TJiey  arc  fastened  together  by  horizontal  flat  taper  keys. 

No.  l!i:!.S(L':  date,  ^rarch  21,  1893;  Win.  J.  AVillianis,  Pittsburg-,  Pa. :  A  rail  joint  lor 
metal  ties  of  open  channel  section,  with  the  sides  cut  away  to  let  the  rail  rest  on  the 
liottoni.  The  edges  of  the  notches  aro  shaped  to  tit  the  back  of  the  angle  bars.  One 
bar  has  a  hook  lug  passing  through  the  bottom  of  the  tie.  The  other  is  set  up  by  a 
tlat.  horizontal  taper  key  driven  throuiih  the  sides  of  the  channel. 

No.  4lU0Ji»;  date,  ^March  21,  180:5;  Albert  i:.  b'oberis.  Xoi  wr.lk.  Ohio:  An  open 
channel  tie  with  metal  stools  or  bearing  Idocks  to  which  the  rails  aic  sjtikod.  (No. 
517302.) 

No.  491311;  date,  March  28,  1S!)3;  Kdwin  J),  P.angs,  Milwaukee,  Wis.:  Th(«  tie  is 
ol  iiivei  teil  trough  .section,  with  widely  flaring  sides,  and  the  top  rec(!ssed  for  tlu'  rail 
base  w  hich  is  secured  by  flat  clamps  and  vertical  bolts. 

No.  4!i.">ll';;  date,  Ai)ril  11,  1893;  W.  W.  Baird,  Bloomingtoii,  111.:  A  street  rail  way 
tra(d<  consisting  of  cross-ties  of  flat  bars,  with  two  vertical  loojts  at  each  end  to  hold 

the  stringers,  whi(di  are  labbetedfor  angle  iron  rails  |  forming  a  side-bearing 

tra(  k.    The  ends  of  the  ties  rest  on  brick  piers. 

No.  496133;  date,  A])ril  25,  1893;  Auguste  Ponsard,  Paris,  France:  A  rolled  cross- 
tie  of  trijdo  (diannel  section,  the  middle  (diannel  open  on  top.  I'ach  rail  rests  on  a 
riveted  tie  ])lato  and  is  secured  to  a  wooden  l)lo(d\;  on  a  metal  washer  in  the  channel 
by  lag  screws  or  tapjx'd  studs,  rt^spectively.    {See  France,  Part  i.) 

No.  490218;  date,  April  2."),  1893;  E.  P.  Cahlwell  and  F.  Tl.  Heath,  Mium  apolis, 
.Minn. :  The  ties  an^  of  inverted  (  haiinel  section  with  (dosed  trnds.  At  rail  Joints  the 
rail  ends  rest  on  a  bi  id.gr  pl.ite  whose  ends  rest  on  the  ties  and  whose  lower  wel)  lies 
between  them.    Tw  o  (di.iniiil  ba' s  ^  h(dd  t  In;  rai  1  lla  U'jc  a  in'  bridge,  and  are 

held  together  \>\  a  bolt  under  the  rail.    This  is  the  Heath  rail  joint. 

No.  4975(52;  date,  May  Ifi,  1H93;  William  S.  Ward,  Philadelphia,  Pa.:  The  ties  are 
of  inverted  channel  8ecti<m  with  two  grooves  to  take  the  Avebs  of  llani;(  less  T  rails. 
The  rail  ends  aro  scarfed  for  joints.    (See  Ward  tie.) 

No.  497r)78;  date.  May  It!,  1893;  Sammd  McFlfatrick,  Princeton.  Ky. :  A  ti(;  com- 
posed of  two  I—  bars  back  to  back,  HI—;  one  has  the  n]ipor  web  indchcd  for  rails  and 
formed  to  grij)  outside  of  rails;  the  other  has  ui)i)er  wid)  only  between  tlM>  rails.  Avitli 
ends  of  web  formed  to  gri])  the  inside  of  rails.    (.No.  49058(). ) 

Jso.  497954;  date,  May  23,  1893;  Matthew  Fitzgerald,  Troy,  N.  V.  :  The  tie  is  of 
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inverted  channel  section  with  ends  cut  and  folded  so  as  to  be  closed.  Outside  angle- 
bar  clamps  have  vertical  Ings  belovr  each  end,  with  a  bolt  through  the  lugs  and  the 
tie. 

No.  498883;  date,  June  G,  1893;  E.  M.  Howard  and  T.  J.  Egan,  Scranton,  Pa.:  A 
tie  of  approximately  '£  section,  having  one  outside  And  one  inside  rail  lug,  and  a 
separate  bar  with  tlie  other  lugs.  The  tie  and  bar  have  eugagiug  teeth  on  the 
contact  surfaces. 

No.  499071;  date,  Jiiue  i),  1893;  W.  W.  Wliitaker,  Gloversville,  JJ.  Y. :  A  tie  of  T 
Bectiou,  with  two  raised  bolted  rail  seats  of  channel  form,  but  with  S  shaped  sides. 
The  rail  rests  on  tie  plates  with  lugs,  the  plates  being  shifted  into  position  and  then 
bolted  to  the  rail  seat. 

No.  499077;  date,  June  tJ,  18i)3;  Charles  Warden,  Rye,  N.  Y, :  A  tie  of  inverted 
trough  section  with  exterior  vertical  sides  forming  two  narrow  open  channels  (/-^J 
the  sides  being  higher  than  the  trough  and  cut  away  for  the  rails.  Grooved  clamps 
straddle  the  tops  of  the  sides  and  are  fastened  by  horizontal  bolts  across  the  top  of 
the  tie  and  above  the  trough. 

No.  499139;  date,  .lune  6,  1893;  Jolm  .Muruane,  Coopersville,  N.  Y.  :  The  tie  is  of 
solid  rectangular  section  with  vertical  lugs,  to  which  :irc  l)oltcd  the  turned  uj)  ends 
of  tie  plates,  having  lugs  to  hohl  the  rails. 

No.  499233;  date.  June  13,  1^9  5;  .lames  V.  Kiml)le,  K'ose  Hill,  Iowa:  A  device  to 
prevent  spreading  of  track.  End  rail  lias  two  angle-bar  clamps  with  a  bottom  llange 
extending  partly  under  base  of  rail,  with  a  Ing  below  this  llange.  The  tie-rod  passes 
through  all  four  lugs  and  is  fastened  by  nuts.  An  impio\  ement  upon  No.  477943. 
Similar  to  No.  491111. 

No.  49992.");  date,  .lune  20,  1893;  K'icliard  W.  King,  Widiita,  Kans. :  The  rails  are 
bolted  tolongitudinalsof  shallow  inverted  trough  section,  witli  con  vex  sides  and  hori- 
zontal bottom  llaiiges,  resting  upon  cross-ties  of  similar  section.    (No.  4701141. ) 

No.  5002()6;  date,  June  27,  1893;  (iustav  Liudeuthal,  I'ittsburg,  Pa.:  Cross-ties  of 
high  triangular  section.  ^  with  straight  or  concave  sides  riveted  to  bottom  straps 
and  a  filler  piece  on  top  at  each  rail  seat.  The  tie  is  tilled  w  itli  hallast  and  can  be 
tamped  through  the  opening  along  the  apex.  The  liller  |)ie((s  Ibrni  rail  seats  to 
which  the  rails  are  bolte<l. 

No.  50037B;  <late.  .June  27,  IS!);;;  K.  \V.  Uiyant  and  .Saniiiel  Kinkcrler,  Ithaca,  JNlich. : 
A  device  to  prevent  spreading  of  rails.  Eaeh  rail  is  held  by  two  clamps  embracing 
web  and  base,  held  together  by  a  bolt  under  the  rail.  Two  rods  have  tlujir  heads 
insiile  the  inner  clanijts,  and  tin;  threaded  emls  are  connected  by  a  turn-buckle. 

No.  5(X)473;  date,  .June  27,  1893;  Henry  C  Davis,  Everett,  Mass. :  A  cast-iron  tie,  of 
inverted  channel  section,  with  outside  lugs,  and  a  pocket  to  hold  the  lower  end  of  a 
clamp  of  ^  shape  with  a  vertical  key  driven  at  its  back. 

No.  ;j01078;  date,  July  18,  1893;  Thomas  H.  Dahill,  Allied  Center,  N.  Y. :  A  device 
to  prevent  spreading  rails.  Two-  Hat,  halt-length  plates  have  ends  forming  outer 
lugs  for  the  rails.  A  third  plate  rests  on  these  and  has  its  ends  resting  on  the  inner 
tlauges.    Bolts  pass  through  the  three  plates  at  the  middle. 

No.  502435,  August  1,  1893;  George  P.  Gunn,  Ilion,  N.  Y. :  The  tie  is  a  shallow 
inverted  channel  with  one  end  of  the  top  table  turned  up  and  a  slot  across  the  other 
end.  It  has  also  one  inside  and  one  outside  rail  lug  and  a  middle  lug.  The  ties  are 
laid  with  the  ends  alternating,  a  rail  clamp  being  set  up  by  a  key  driven  between  the 
clamp  and  turned  up  end.  Vertical  anchor  plates  are  driven  through  the  slotted 
ends.  A  longitudinal  locking  bar  is  laid  upon  m'lddle  of  the  ties,  the  middle  lugs 
being  alternately  on  either  side  of  it. 

No.  502464;  dateAugnst  1,  1893;  John  J'.  Lancaster,  Cleveland,  Ohio:  An  invctrted 
channel  tie  with  a  W  piece  bolted  insi'de  under  each  rail  seat,  (iib  fastenings 
secure  the  rails. 

No.  502638  and  No.  502638a;  date,  August  1,  1893;  Horace  B.  Rowland,  I'hiladel- 
phia,  Pa. :  A  tie  of  semicylindrical  section  with  Hut  top  and  Hat  1>ottom  Hauges,  ^^^7 
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the  latter  riit  a\v;iy  al  tlit-  rail  s.-.its.  Tlit'  raiN  arr  rastnud  l»y  i  lainiis  Held  liy  U 
sirap-^  I'licM  (1  iiii;  llif  lie.  the  iipin-r  .ikU  i,[    tll(^  sliap  lia\iii^  Iii'^s  I  u-i  1 1  ^  ((tii- 

iii'i  lid  lt\  a  liori/oiil  a  I  l)i>ll  aluiNc  the  tic.  NO.  r)()L'(i:{!)  is  loi-  ,i  I  ir  (■oiisist  iiii;  of  two 
(•(iiucii t rir  tiiln  s,  witli  opciiiiins  i(»  II  I  ilic  lails  rest  on  woodm  IdncUs,  tlu;  »Ml<i[('s  of 
tin-  t)|)»  iiiiiL;s  l^triiu'tl  as  rail  claiiips.  A  itolt  passes  tlirou^^li  the  axis  (il  tlif  tie,  with 
m;ls  oil  the  outside  ofeiul  <-ai)S  elosini;  the  tie.    (No.  oOolSl.) 

N...  .ML'S.IO;  dale.  Aiiuiist  S".  \S[):\;  .lolm  L.  INipe,  Cle  Vela  lid .( )h  i  o  :  Alicc.r  invcrled 
rhaniitd  sfctioii.  .V  t  eai  li  rail  seat  are  two  plates  with  enlai^rd  iiiiici  mds  tilliiiL;,  a 
depi  fssiiiii  111  t  he  I  If.  and  i)i  MS  at  t  liesc  ends  cnteriM<^  holes  i  ii  I  lir  |  i  r  1 1 1  idi  r  1 1  h  •  rcn  t  c  r 
line  nl'  rail.  i'lu'  raiN  arc  htdd  l»y  |  i^ihs  ])assiti<;  throiiuli  the  plalo  and  tic,  and 
lit  hi  hy  cittters  dri\ en  at  their  backs.    (See  I'opc  t  ic.  i 

No.  :  d.ite.  Anmist  S.  1S!»:{;  Charles  n.  MacN.al.  Phi  ludcdph  i;i ,  Pa.:  A  lie  of 

appro\iinat(  l.\  1  set  tioii  w  ith  the  W(d»  nottdied  lor  rail,  the  ed^o  of  mdt  li  lorm- 
iim  inner  rail  liii;.  The  tie  is  straddled  Ity  two  rail  (diaiiis  on  which  are  Iho  outsido 
Inns  (.r  l.raias.  and  the  t  hains  are  secured  liy  keys  throiii;h  the  ti(!.    (No.  482067.) 

No.  odalM:  date.  .Vuiiiist  1.").  isn:!;  I'liillip  W  heeler,  liraiu  hport,  N.  V.:  An  open 
cbannel  t  ie  w  i  t  li  two  wooden  hhxks  ( one  noon  the  other,  with  im  lined  faces)  under 

each  rail.     Two  (  lamps  of  |   I  shape  bolted  to  the  ontside  of  the  (dianiud  hold 

each  rail. 

No.  r)();{2.");3;  date.  Aiiijiist  15,  18!)3;  .lames  M.  Price,  riiiladelphia,  I'a.  :  A  loii«;i- 
tndinal  of  inverted  channel  section  or  |  ||  |  section,  with  anijle  iron  on  top 
retaining  wooden  bearin<;  blocks.    (No.  4271()i*.) 

No.  ."iOiillL^;  date,  Anjjjnst  15,  1893;  B.  F.  Sparr,  and  M.  1\  Sparr,  I'.rooklyn,  N.  Y.  : 
A  rail  fastening;-  similar  to  No.  483773. 

No.  5040(.)()  and  No.  5(^4067;  date,  August  18i>3;  Frank  S.  Ketchuin,  New  York, 
N.  \. :  A  t  ie  of  inverted  channel  section  with  hollow  seniicylindrical  rib  on  top.  Top 
table  cut  away  at  the  middle.  Rib  cut  away  at  rail  seats,  and  rail  chimps  have 
projections  entering  the  ril)  and  secured  by  transverse  keys.    (No.  453866.) 

No.  501540;  date,  September  5,  1803;  .James  M.  Price,  Phihidelphia,  Pa.  :  An  open 

channel  tie  composed  of  two  angle  irons  |    (,  with  a  ])iece  of  T  iron  riveted 

under  the  middle  and  each  rail  seat.    Angle  irons  inside  the  tie  hold  two  wooden 

 I    I  and  the  rails  are  held  l)y  (diannel  chimps  bearing  u})on  Hange  of  rail  and 

of  T  iron,  secured  by  a  ])olt  through  (damps  and  block.  (No.  42710S.  ) 

No.  504605;  date,  8ei)tember  5,  1803;  Edward  Siskron,  Minneaix)! is.  Minn.:  A 
shallow ojieu  chaimel  tie  av ith  convex  bottom.  At  each  rail  seat  is  bolted  a  chair 
of  channel  form  with  concave  sides  parallel  with  tie.  The  rails  are  in  Id  by  spikes 
with  split  keys  through  slots  in  spikes  inside  the  tie. 

No.  .505010  and  No.  505020;  date,  September  12,  1803;  N.  Benjamin,  Klmira,  N.  Y.: 
A  cross-tie  of  tuo  T  irons  (1±)  with  a  crosspiece  of  T  iron  under  the  bottom  at 
each  rail  seat.  In  the  <  hannel  is  a  T  iron,  parallel  with  tie,  forming  a  rail  seat  to 
whi(di  the  rails  are  secure<l  by  vertical  spikes.  No.  505020  has  bolts  instead  of 
spikes,  and  the  rail  seat  is  a  piece  of  inverted  T  rail  with  its  head  bidow  the  tie. 

No,  50547H;  date,  September  26,  1S03;  Esprit  Perrody,  Geneva,  Switzerland: 
rn<ler  eaidi  rail  is  a  shallow  in\-erted  metal  box  tilled  with  tar  concrete.  The  lails 
are  secure(l  by  bolted  (damps.    IMat  tie  bars  on  edge  connect  the  boxes. 

No.  5()5IM;  date,  September  26,  1S!»3;  Horace  B.  Kowland,  Philadelphia,  Pa-.: 
( )pen  (  hannel  tie.  'J'he  outer  clamps  are  on  i)lates  ext(!nding  under  the  rails  and 
vertical  ends  connected  by  a  Ijolt.    (No.  50263S. ) 

No.  50.5!)S8;  date,  Octol)er  3,  1X03;  Arthur.!.  Moxham,  .Johnstown,  Pa.:  A  (•ross-ti(! 
of  inverted  channel  section,  with  thickened  rib  inside  top  table,  and  form  pressed 
lups  to  engage  base  of  girder  rail  or  llanges  of  chairs  for  rails.    (No.  477670.) 

No.  507170;  date,  October  24.  1S03;  Charles  E.  Steiuer,  York,  I^a. :  A  hollow  rec- 
tangular tie,  cut  out  at  each  end  to  receive  the  rail,  the  edges  of  notch  litting  llange 
and  web  of  inside  of  rail  and  a  dovetailed  block  Hush  with  the  tie  litting  the  outer 
side  of  the  rail. 
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No. 508038;  date,  November  7,  1893;  Arthur  J.  Moxham,  Johiistovrn,  Pa. :  Flat 
cross-ties,  with  longitudinal  ribs  on  the  underside,  and  the  ends  of  the  tie  are  forked 
in  place  and  welded  to  the  rails  (No.  505988), 

No.  508049;  date,  November  7, 1893;  Francis  P.  Reilly,  New  York,  N.  Y. :  A  street 
railway  cross-tie  of  inverted  channel  section,  with  the  top  table  pressed  up  to  form 
two  A'ertical  ribs  at  each  rail  seat,  to  which  are  riveted  or  welded  the  legs  of  channel- 
sliaped  chairs  for  girder  rails. 

No.  508243;  date,  November  7,  1893;  Sanuiel  Rideal,  Manchester,  England:  The 
rails  rest  on  flat  rectangular  plates  of  cast  iron  or  steel,  having  lugs,  with  keys 
driven  between  the  lug  and  rail.  The  plates  are  stiflened  by  ribs  on  the  underside. 
The  plati'S  may  all  be  placed  lengthwise  of  the  rail,  and  each  pair  connected  by  a 
tiebar;  or  pairs  alternately  parallel  with  and  at  right  angles  to  the  rails,  the  former 
pairs  connected  by  tiebars.    {See  Sami>an  tie,  England,  in  original  report.) 

No.  50i<575;  date,  November  14,  1893;  David  Markh^y,  Lexington.  Ohio:  Rail  braces 
consisting  of  two  angle-iron  plates,  each  having  a  flange  passing  round  the  end  of 
the  tie  and  a  lug  for  the  outer  flange  of  the  rail.  The  plates  rest  upon  one  of  the 
upper  corners  of  the  tic  and  are  held  togctlicr  rods  and  a  tui  n-bucklc  against 
the  side  of  the  tie. 

No.5080G4;  date,  N<)veuib«'r  11.  1S!);{;  .laspcr  1'.  W'aincr,  Decatur.  Mich.  :  Tlu;  tic  is 
an  open  double  channel  I  I  I  .  i'lie  rails  rest  on  the  top  and  are  secured  l)y 
flat  clami>s  as  long  as  the  width  of  tlie  tie,  the  back  of  each  claiuj)  entering  slots  in 
the  ribs  of  the  tie.  Each  rail  is  lield  by  a  U  bolt  jjassiug  throuuh  the  clamps  and 
twisted  so  as  to  pass  through  the  middle  web  of  tie,  one  leg  of  the  liolt  beiug  in 
each  channel. 

No.  509387;  date,  November  28,  1893 ;  Bernard  C.  .L  Mc(  in  ire,  Suuuuer  Hill,  Pa.:  A 
east-iron  tie  of  ±  section,  enlarged  to  rectangular  section  at  cud  rail  seat.  The  bot- 
tom is  corrugated.  The  outer  flange  of  rail  is  held  by  a  lixed  lug  and  the  inner 
flange  by  a  vertical  spike,  which  is  prevented  from  working  loose  by  a  key  driven 
horizontally  through  the  tie  and  sjjike. 

No.  511072;  date,  December  19,  1893;  llippolyte  A.  <le  Raisuies.  Elizabeth,  N.  .J. : 
rhe  tie  is  ma<le  of  a  tee  ir«ui  laid  on  its  side  I-  and  having  each  end  bent  in  place 
into  a  kite-shaped  looj).  Resting  on  «'ai  h  loop  is  a  steel  chair  having  a  fixed  inner 
luu  and  i>rojecting  pieces  to  bend  down  on  the  outer  flange  of  the  lail. 

No.  511226  and  No.  511227;  date,  Deceml)er  19,  1X93;  Leander  E.  Whipple,  New 
^'ork,  N.  Y. :  A  tie  of  >^  section  formed  by  two  curved  i>late8  back  to  back,  with  a 
top  ])late  and  a  l)ottom  plate  (or  bottom  straps)  having  the  ends  bent  to  receive  the 
ends  of  the  curved  i)lates.  To  the  top  of  the  tie  are  riveted  two  tie  plates  with 
lugs  for  the  rails  (No.  327843). 

No.  511316  and  No.  511317;  date,  December  19,  18ii3;  Tliomas  M.  15riulnall,  of 
Mt'dina,  and  II.  C  Bradley,  of  Warren,  Ohio:  A  tie  of  inverted  channel  section,  with 
thickening  rib  on  the  underside  of  the  top  table,  and  gib  and  cotter  rail  fastenings, 
i  he  ties  may  be  stiftened  by  interior  A-sha])ed  truss  plates. 

No.  512877;  date,  .January  16.  1894;  Neils  Gunderson,  Ogdensl)urg,  N.  .1.:  Flat 
stringers  with  ribs  on  the  edges  forming  a  channel  for  the  rail  base.  The  rail  is 
compound,  having  a  ±  base  with  a  flangeless  T  part  bolted  to  it. 

No.  513445;  date,  .January  23,1894;  Herbert  L.  Stillman,  Charlcstown,  R.  I.:  A 
flangeless  T  rail  with  the  web  bolted  between  two  wooden  longitudinals  of  triangu- 
lar section,  with  cross-ties  at  intervals. 

No. 513712;  date,  January  30,  1894;  Arthur  J.  Moxham,  .Johnstown,  Pa.:  Very 
similar  to  No.  508049  and  No.  505988,  but  with  the  tie  widened  hy  rectangular  or 
triangular  projections  at  the  rail  seats. 

No.  513792;  date,  .January  30,  1894;  John  C.  Lee,  Beaver,  Tex.:  A  solid  tie  with 
raised  rail  seats,  and  the  rail  held  by  two  r  clamps  secured  by  a  horizontal  bolt 
through  clamps  and  rail  seat. 

No.  513838;  date,  January  30,  1894;  Edward  H.  Stone,  Sinda,  India:  A  cross-tie 
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of  tl'f  lifiidcl  ])at  ttiii  (^rr  liiili.M,  witli  |.r«SN.  (1  lii--^.  I.iii  .1  (li>iancc  |.ifi(«, 

l>ct  \\  fell  iiin-  liiii'  .111(1  rail  llaii^c  ami  a  k<y  Im-Iwciii  llirotliir  iii^and  rail  llaiigc,  so 
thai  (he  liiu's  arc  far  nioiiuHi  apart  to  adiiiil  llir  rail  lia-.-  iliicc  t.  and  a  d  j  iist  men  t  id" 
Uaiim'iiiaN  lie  fll'fcl  t'd  li\  t  lie  ir-r  o  f  d  i  li  cii- n  I  si/cs  of  d  i^t  ancc  |ihiis. 

No.  :.l  llT'd:  date.  I'id)niar\  li.  is;il;  (iroiu.-  N\  •  < ''dx,  I'l  ..v  i.l.-m  .-.  i,'.  I.:  Longi- 
tudinals fompnsiil  ot'  \\a\  \  ]da(('s  \_^^  """^  j  wilii  rai  !>  xm  ii  i  cd  li\  (  la  m  |  is  t  <  >  t  he 
top  of  t  he  rid-c,  and  I  lie  vei  l  ical  llan-vd  ends  Ixdtcd  lo  t  lir  w  (  I.  of  a  piece  of  old  rail 
forminu  a  cross  t  ic 

No.  :.l  iL'i;;;  dale.  l"(d.niary  (;.  IS'.U;  (;eor-(-  li.S.dh'rs.  K'idlry  I'arlv.  I'a.:  A  r.c- 
tanunlar  fraiiio  lie  of  aii'^lc  iron  with  i-oriMiLi,a  t  rd  llaii^c  A  ixaiiii^^  piece  is  placed 
williin  the  iVaiiie  near  eaili  end.  forminu  the  rail  siMt,  with  poi  Ixcts  of  wdodeii 
cushions,  .md  the  fastenings  consist  (d'  four  liori/oiit.il  ho<ds  ooIk  lo  ca(  I:  rail. 

No.  date.  I'(d.riiar\  L'T.  is:t|  :  S.  .\  .  KN.akc  an<l  I".  ( . .  Sm  i  t  h .  W  1 1 1  i.i  n  i  ^1  .rid;^e, 

X.  ^  .  :  .\n  iii\ <'rted  (  lianmd  tie  of  cast  iron,  liavin^' cross  l  ihs  or  diaphra^mv.  |"he 
to])  t.ilde  is  hiuher  oiitsMlc  the  rail  scats,  the  rise  littini;  Ili<'  outside  of  lail.  A  hori- 
zontal ])ivote(l  har  hctwceui  the  rails  has  its  ends  loriued  to  liear  upon  the  inner 
tianjics  of  the  rails. 

No.oloi:!!  :  <late.  I"(d,nii  v  L'T.  1891;  Moses  (J.  IIul)l»ar'l,  Chiea.uo.  111.:  .\  tie  of 
soinicyliMdi  ical  section,  with  top  table  Hat,  or  sli,uhtl.\  convex  or  coiica\  i-.  iandi 
rail  ish(ldl)ya  U  h,. It  and  t  wo  (damps.  (No.4(U9Sl.) 

No.  .-.I.V..-.1  ;  date.  I'.d.ruaiy  27,  1S!)I:  Adolph  C.  Pet/man.  1 'h  i  I  ad(d  ph  ia  .  i'a.:  A 
rectangular  frame  tie.  in  ])lace.  w  ith  wide  (mkIs  formini;  rail  seats,  with  liius  the  full 
w  idth  of  the  inner  half  of  each  rail.  Seat  is  loose  and  secured  by  a  horizontal  liolt 
ihroiiuh  it  and  the  lixcd  part  of  the  end. 

No.  alOOOl;  date,  March  6,  1894;  Joseph  Dyson,  Cleveland.  Ohio:  A  cross-tie  of 
inverted  seniicircnhir  tronj^h  section,  with  vertical  exterior  llanucs.  foiiuiiiu^  two 
narrow  open  channels  |/^\|.  The  rails  are  secured  by  studs  or  bolts  to  (  haunel- 
shaped  rail  seats,  resting  within  the  vertical  sides  of  the  tie. 

No.  517236;  date,  March  27.  1S91;  Minard  A.  Possons,  Cleveland,  Ohio :  A  cross-tie 
of  inverted  channel  section.  Each  rail  is  held  by  a  tlat  clamp  in  the  tie,  having 
lugs  which  gri]i  the  rail. 

No. 517302;  date.  .March  27.  1S91  ;  All)ert  S  h'oberts,  Xorwalk,  Ohio:  An  oiieii 
channel  tie, with  a  hollow  box  (  hair  or  rail  seat  inside  the  channel  at  each  cud.  J'.a(  h 
rail  rests  on  a  base  plate, with  lugs  uudei  neath,  fitting  inside  the  box  and  secured  by 
a  through  bolt,  while  the  rail  is  held  by  lugs  on  top  of  the  plate. 

No.  517369;  date,  March  27,  1891  ;  John  Temple  and  James  C.  Ward,  Wilsouburg, 
W.  ^'a.  :  A  bar  tie  of  rectangular  .section  bent  down  at  each  rail  seat  to  form  a  pocket 
for  wooden  rails  for  mines,  the  ends  of  the  tie  being  bent  up  vertically  and  reaching 
to  the  top  of  the  rail  or  stringer.  Wedges  are  driven  betw^een  the  stringer  and  the 
vertical  cud  of  the  t  ic. 

No.  .")17l  17:  date.  .\])ril  3,  1891;  K'obcrt  Dinsmorc,  Weston,  W.  \'a.:  A  sciuicyliu- 
drical  tie  with  Hat  base  r~\  ,  the  top  cut  away  at  each  rail  seat  to  allow  the  tail 
to  rest  upon  an  interioi-  block  carrying  the  inner  lug.  A  horizontal  k(\v  through  the 
tie  secures  the  block. 

No.  517585;  date.  .\])ril  3.  iSiM:  .lames  Nealie.  P)Ooulon.  N.  .1.:  A  cross  tic  of'  |  ' 
section  formeil  of  two  2-bars  boltetl  thiougli  the  lower  W(d)s.  The  I'ail  (damjis 
extend  the  full  width  of  tie  and  are  Indd  by  a  U  bolt,  or  there  may  be  four  hook 
bolts  to  each  (damp,  and  de)tcnding  W(d)  of  tin;  (daui]»  ii(s  l)etween  the  lower  W(d)8  of 
the  tie. 

No.  517915;  date,  .Vjiril  10,  isiU:  .Mliert  C.  P.udiuglon.  .\ustiu,  Tex.:  The  tie  is  an 
open  channel  of  this  se(  tion  "1  P  ,  with  a  '  |  '-shaped  bloc  k  under  ea(di  rail.  The 
rails  are  secured  by  studs  driven  through  tie  llanges  .and  liy  «  lam])S  bolted  to  these 
flanges.  Switch  rails  can  Ix;  laid  by  lueindy  inserting  an  extra  blo(d<  and  drilling 
stud  h.des.    (No.  461121.) 

No.  518439;  date.  Ajjril  17.  18!l4;  \V.  T.  Armstrong  and  (ieorge  H.  Wads  worth:  The 
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tie  is  a  plain  inverted  cliannel,  and  the  clamps  are  tiat  plates  with  a  rib  iitting  a  slot 
in  the  tie,  and  each  clamp  is  secured  by  a  vertical  bolt. 

Xo.  521158;  date,  June  12,  1894;  Frank  P.  Fenerbacber,  Oldahoma,  Okla. :  A  Hat 
plate  tie  with  ends  bent  vertically  down  then  returned  upon  themselves  and  back 
over  the  top  table  to  form  outer  clam])s  for  the  rail  Hani^es.  The  inner  llanges  are 
held  by  bolted  clamp  plates. 

No.  522974;  date,  July  17,  1894;  Robert  E.  Daniels,  Vonngstown,  Ohio:  A  tie 
anchor  consisting  of  a  curved  piece  of  corrugated  plate  with  the  top  fastened  to  the 
bottom  of  the  tie,  the  plate  being  at  right  angles  to  the  rail.  (No.  482979.)  (See 
Daniels  tie.) 

No.  524359;  date,  August  11,  1S94;  Eiu)ch  L.  Taylor,  Philadcli)hia,  Pa.:  A  cross-tie 
of  inverted  channel  section  |  |  w  ith  the  cuds  jiassiug  through  the  sides  of  two 
rail  bearers  of  trough  or  angular  lorm  \  /  or  \,  the  bearers  being  adjustable 
so  as  to  lit  the  position  of  rails  at  switches,  etc.    {Sec  No.  461775.) 

No.  521909;  date.  August  2X,  1S94;  Newton  Benjamin,  Elmira.,  N.  Y. :  Cross-ties  of 
fork  sha})e  in  — < —  laid  with  the  single  and  double  ends  alternating.  Each 
tie  made  of  two  ±  ])ars  bolted  together  at  the  stem,  with  rail  chairs  and  lugs 
bctw  t'l-n  them.    A  short  ])icct'  of  ±  iron  is  bolted  against  each  arm  of  the  fork  with 

chairs  and  lugs  Ix-twcen.    Thrt-e  jueces  may  be  used        ^         and  the  rail  seats 

may  be  ]»ic(»  s  of  inverted  track  rails  with  ilic  llangcs  of  the  ±  l)ars  resting  on  the 
head. 

No.  525927 ;  l>uoili  L.Taylor.  I'hiladeljthia,  I'a.  :  A  tie  consisting  ol"  two  supjtorts 
of  inverted  trough  section  i)a)all('l  with  the  rails,  and  connected  by  a  transv(!rse  ± 
bar  ])assing  through  slots  in  the  sides  of  the  su|>i)orts.  Lugs  on  the  supports  hold 
the  inner  Uanges  of  the  rails,  and  notches  on  the  ticl)ar  hold  the  outer  llangcs.  (See 
No.  see  aho  Columbian  tie,  United  States,  in  |iai  t  1.  and  also  Taylor  tie,  in 

1  he  original  report.) 

No.  ,52i;»J0:i  and  No.  52(?li(>l  :  .lidin  Ail»i-c(dit.  .Massillon,  Ohio:  Hollow  box  ties.  The 
fastening  of  the  lirst  consists  of  a  vertical  block  in  the  tie,  ha\  ingat  each  side  Ing 
tilting  a  recess  in  tin;  lower  ])art  of  the  rail  clamp,  the  block  being  thus  suspended 
by  the  clamps,  which  are  pivoted  on  jiius  through  the  tie.  The  i.iil  icsts  on  top  of 
this  blo(-k,  and  the  intention  is  that  the  depression  of  theiail  and  block  under 
wheel  loads  will  s)»read  apart . the  lower  ends  of  the  (  lamps  ;ind  causes  the  ni)per 
ends  to  bear  tightly  upon  the  wel)  and  tlange  of  the  rail.  In  the  second  patent 
the  tie  has  lugs  for  the  inner  Manges  of  the  rails,  and  the  outer  Hanger  of  each  is  held 
by  the  notched  upi>er  end  of  a  cnr\-ed  <  lain])  of  this  form  whoso  ]ow(!r  end 

i-ests  inside  the  t ie. 

No.  52S:{()!>:  William  R.  Smith,  P.iverside,  Ohio:  A  chainiel-shapcid  tie  with  each 
1  ail  resting  on  a  plate  supported  by  coil  si)rings  in  the  tie.  , 

No.  52:I997;  John  Albrecht,  Massillon,  Ohio:  A  box  tie  with  slots  for  long  S-sliaped 
lugs  with  the  top  resting  on  rail  Hang*;  and  bottom  on  undcn-side  of  tie;  the  lower 
ends  of  the  lugs  are  forced  apart  by  cams  inside  the  tie. 

No.  532:)64;  Ellery  C.  Davis,  Crookston,  Minn.:  A  channel  tie  with  inverted  chan- 
nel sui»])ort  littcd  inside  for  each  rail  seat.  Kail  fastened  by  spikes  having  grooves 
into  which  lits  a  wedge  locking  plate  driven  through  the  inverted  chaniud. 

.iddcnda.—yo.  349913;  date,  September  28,  1886;  and  No.  356016;  date,  .January 
11,  1887:  .L  II.  Tozer,  London,  England.    (See  Tozer  tie  in  former  report.) 

No.  .527688;  date,  October  16,  1894;  .Jesse  W.  Cowdrick,  Ogdeusburg,  N.  .1.:  A 
hollow-steel  tie  of  oval  section,  witli  slot  cut  along  middle  of  top  surface  and  two 
cross  cuts  at  each  rail  seat,  forming  partly  detached  pieces  upon  which  the  rails  rest, 
but  which  have  the  ends  bent  inward  so  as  to  allow  of  a  plate  being  inserted 
between  them  and  the  rail.  A  flat  clamp  plate  holds  each  rail  flange,  and  a  brace 
8ui>ports  the  outer  side  of  the  l)ottom  of  rail  head.  Two  bolts  on  each  side  of  the 
rail  (8  bolts  per  tie)  pass  through  the  y)late,  clamps,  and  brace.  The  tie  is  to  weigh 
240  pounds,  and  is  estimated  to  cost  $2.40  in  r|uantities. 


i'\'n:Nrs  u'i:i.aii\(;  ro  Mi:r\i.  im.'Acks.  .'^11 

No.  r.L's:!!'!' :  W  illi.iiii  K'.  Sini  I  li.  K'l  v.MsiWr.  (         :  A  I  ic  •  >  i  CIim  ii  im-I         ion  j  |  with 

racli  r.iil  rc^t  iiiu  t>ii  a  p  la  1  r  sii  )>])(  nl  (m  I  1)\  I  li  rcr  \»mM  ica  I  i-oiloi  -^iiriipj,'^  plarcd  ma 
row  ;iri-()s.s  the  tie.     Tlu'  I'ail  last  en  i        aif       otiil  lii^s. 

Iildnithi  (oniitird  t'lnni  list  in  h>n)i>  r  rt  /inrh  dalf.  S<>|  ,i  ciii  Ixt  2S.  ISSG, 

and  No.  i>."«ii(Ml!:  dal  «•.  J  aiiiiar\  11.  lSs7;  .laiins  II.  Vn/rv:  Slc(d  lies  n|'  the  To/ci- 
ty))c,  dfsciil.ci!  ill  turiiicr  ifport.  j)  iL^t' T'J  a  iid  jdatr  No.  I. 

/>';•/(//(  /'"f/N  < '1  >I  la  ps  loliuld  ra  i  !s  i  o^ct  Iici,  used  i  ii  con  j  ii  1 1  c  I  i  <  m  with  woodin  lies: 

Nos.  iiilii;.  iiL':)iiii.  iiL'lii;;.  it:.ii:i.  i:.7:.:i(;.  iTTiti;;.  mosiis. r,is:;is. 

r'aslcti'nKjx  for  on  inxxicu  lic^  :  No.  IliL'TI;  J  )(M'ciiiltcr  L':!,  1S!)I);  W  illiain  (.ohiir, 

A\'(>st  r.ay  City.  M  i(  li.  :    .\  pai  |-  of  '  ,->hai)cd  (lamps,  the  hafdss  drixcii  i  iil  o  i  he  I  io 

aiul  .'arh  held  1)\  a  NTrlical  .-^crcw  spike  of  la^  screw. 

N...  Ill'.iss  .and  No.  lliiL'Sl':  l".d.niar>  in.  IS!II;  'riiom.is  .1.  T.ush.  LrMiminn,  Ky.: 
Intel  hxlviiiL;  holts  roriiiinu'  an  X  iindei-  the  rail,  willi  nuts  and  (lain])--  on  Iheiail 
llan,uos. 

No.  4oO:JO:.:  .\i)ril  11,  ISiH  ;  C.  C.  Wreiishall,  .\niiiston,  Ala.  :  A  headless  scvvw 
spike  8Cr»'\\t'd  into  the  lie,  with  a  (damp  litled  over  itsiip])ei-  end  and  srcnred  hy 
a  nut. 

No.  45Sl';;() :  An^nsi  i'."),  ls!il  ;  M.  (;eii,<;\  ( '()lo<ine,  Prussia  :  A  base  i>late.  or  (diair, 
'.vitli  two  \crtieal  rilis  aloni;  eacdi  side,  and  notched  keys  driven  tlirou<;li  slots  in  tiie 
rihs.  so  1  hat  the  ends  of  t  he  keys  rest  on  tlie  rail  HiiDge. 

No.  -ISSI'X);  Deeemher  I'O.  1892;  William  (ioldie,  West  Jiay  City,  INIicdi. :  A  twisted 
spike  (or  screw  w  ith  lon.i;-  i)itcli)  screwed  into  the  tie.  and  liaviiiu'  a  threaded  np))er 
end  for  a  nut  to  ludd  the  clamp  plate. 

No.  l!H)7i)l  :  January  'M,  1898;  James  M.  Woodcock,  IJridj^eport,  Ohio:  Screw  si)ike 
w  ith  ilal  head  hearing-  on  the  rail  Hangc,  and  ha\  in^-  a  ])rojcctiou  on  top  to  sui)i)ort 
the  hotlom  (d  a  hracc  plate  "svhosc  npper  end  iits  under  the  rail  head. 

No.  49(j2.")4;  April  2."),  1893;  John  T.  Feindel,  Somerville,  N.  J. :  An  inclined  plate 
with  one  end  hooked  over  rail  tlange,  and  the  other  bent  at  rii^ht  angles  and  driven 
into  the  side  of  the  tie. 

No.  502301;  Au<inst  1,  iS93;  C.  C.  Holt,  Lawrence,  Mass.:  A  (lamp  of  "l  ,sha])e 
with  a  vertical  lag  screw. 

No.  505713;  Se])teml)er  26,  1893;  Alfre<l  T.  Abbott,  New  York,  N.  Y. :  A  spike  or 
fl  staple  w i 1 1 1  tinted  surfaces. 

SUMMARY. 

Concrete  bhx  k  ties:  No.  479808  and  No.  484855. 

Fastenings  for  met al  ties:  Nos.  453886,  472034,  483518,  491206,  513838. 

Joint  for  rails  on  metal  ties:  No.  493802. 

Ties  lit  ili/iii-  old  rails:  Nos.  430553,  445325,  470585,  472901.  IS^iiOT.  51 1 179.  521!i99. 

'i'ies  for  street-railway  tracks:  Nos.  42710!),  4307S0.  MfJllO.  II8U05.  II!I117.  152333, 
454179,  -177079,  495140,  50.59X8,  508049,  513712. 

Combination  ties  of  metal  and  wood:  Nos.  12392!).  12:.!t;;7.  12(1(151.  435004  ,  4  351(;i, 
431)17 1.  44141(;,  443.594,  451801,  470700,  4sr)097.  4S(i7 1 1.  5()l(;7s.  .-.()s.-j7:..  :.12S77,  513445. 

Longitudinals:  Nos.  426051,  427109,  129130,  429013,  430197,  4305!)0,  431172,  433803, 
13.-.70S.  4517X1,  152333,  4.57735,  407432,  470641,  470904. 

Portable  tra(  k  :  No.  426877. 


APPENDIX  3. 


CAST-IKOX  VERSUS  STEEL  SLEEPERS. 

[Noti-  by  tin-  Coiisiiltinir  Kuginvev  to  tin-  (lovernmcnt  of  Tiuli;.  l„r  State  railways.  Mairh  IC,  1894.] 
1.  Keports  from  various  sources  seem  to  show  that  the  steel  sleeper  is  rapidly  oxi- 
dized aud  destroyed  in  saline  soil,  more  partieularly  in  sodium  salts,  and  my  obser- 
vations durin^Muy  tours  of  inspection  I'nlly  support  this  view.  But  doubts  have  been 
also  expressed  as  to  tin;  durability  of  the  sleeper  under  better  conditions,  and  from 
^vhat  I  have  seen  lately  I  am  inclined  to  think  that  these  doubts  are  sullieiently  well 
grounded  to  justify  another  in(|uiry  such  as  nuide  by  the  Director-General  of  Rail- 
ways in  im).  but  covering  all  the  lines  on  which  this  sleeper  is  now  in  use.  These 
sleepers  are  to  be  found,  I  think,  on  the  following  lines:  Northwestern  Railway, 
Bengal-Xagpur  Railway,  S.. nth.  ru  Mahratta  Railway,  Nizam's  Guaranteed  Railway, 
South  Indian  Railway,  Eastern  Bengal  Railway,  and  East  Coast  Railway,  but  on 
the  last-nauu-dth.'v  have  been  down  so  short  a  time  that  inquiry  as  to  durability 
from  that  lino  will  not  be  necessary.  I  think  that  close  inspection  will,  in  the  case 
of  sle.-i)crs  that  have  been  down  say  six  to  eight  years,  reveal  con.siderable  if  not 
serious  corrosion  undci  n.-ath,  and  round  the  edges  of  the  lugs  an.l  at  the  rail  seat. 

1'.  If  it  w.  reiu)t  lor  this  fatal  weakness  the  steel-stamped  sleeper  might  be  hold 
to  liavc  fulfilled  its  promise  of  being  the  best  substitute  for  the  transverse  wooden 
sleeper,  wlnle  its  faults,  which  would  <-ertainly  not  coud.  inn  it.  are  its  "harshness" 
under  tralHc  and  the  waste  of  m.  tal  in  its  tieing  fuiu  tion,  as  compared  with  the 
cast-iron  ]date  or  bowl.  Another  fault  which  may  not  be  so  obvious,  is  its  light- 
ness. I  he  recent  heavy  tyjx'  weighs  only  i:;.")  ].onnds,  whereas,  as  I  showed  in  a 
l)revious  note,  the — 

l'<»llll(ls. 

Indian  Midland  |»ot  sleeper  weighs   236 

Ea.st  Indian  K'ailu  ay  plate  sleeper  weighs   230 

.Sfil  slei'per  weighs   220 

Sal  sleeper  with  chairs  and  spikes,  say   280 

It  is  now  dearly  recogniz.'.l  that  a  g..od  road  for  in  avy  fast  traffic  must  bo  a  heavy 
road,  both  in  rails  and  sleepers,  and  it  is  no  uncommon  thing  to  quote  the  fitness  or 
unfitness  of  a  road  for  such  traffic  by  the  weight  per  mile  of  its  permanent  w  ay.  I 
should  consequently  be  quite  prepared  to  assert  that  a  sleeper  weighing  only  1.35 
pounds,  specially  with  rails  of  only  75  pounds  per  yard,  is  too  light  for  our  standard 
gauge  for  fast  traffic,  the  effect  of  which  will  be  found  in  the  cost  of  maintenance, 
or  in  rough  running.  I  think  that  for  high-speed  traffic  on  our  standard  guage  the 
sleepers  would  not  be  a  bit  too  heavy  if  thoy  weighed  250  pounds  eacdi.  A  sleeper 
of  this  weight  in  steel  would  clearly  be  of  prohibitive  cost,  if  it  had  no  other  faults, 
and  we  have  to  bear  steadily  in  mind  that  the  steel  slee])or  wdieu  rejected  is  practi- 
cally valueless  at  present. 

3.  Thus  it  is  time  to  consider,  in  anticipation  of  the  result  of  the  inquiry  I  have 
recommended  above,  what  other  type  of  sleeper  we  should  adopt.  My  own  impression, 
afterdiscussiou  with  many  of  our  engineers,  is  that  the  average  life  of  a  steel  sleeper 
will  not  much  exceed  twelve  years,  which  is  about  the  life  of  a  good  hard-wood 
312 
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sleoprr,  Init  llir  wnoilcu  slcr|MT  imii  nol  udw  Ix-  i^oi  in  1 1  ii.i  ii  I  1 1  \  ,  willimil  Imiu;  |)|-»^vi- 
oiis  arr:iiiu;<'in<-uts.  il"  r\cii  t  lifii,  .iihI  iIu-  piicc  is  r,i|ii(ll\  .ipinoMcliin^  i  hai  of  tlio 
stt'rl  sltM>|t«'r.  As  uscil  now  .  oni-  sniiplx  isliniili  tl  lo  iln-  fallow  in.;  I  iinlicrs  :  Toak, 
s;"il,  jiinixadii.  .isun,  (It'iidar.  and.  w  In  n  I  say.  "ms  used  now."  I  n  Ici  ld  t  In- ]M»ssil)ility 
of  ^t'ttiniia  sat  islufl  or\  dt'siirn  lor  a  slctipcr  in  wliicli  ni<t:il  .ind  w.kkI  will  hr  toni- 
Itint'd.  ami  in  w  hit  li  an\  rcasonaldy  ^ood  haul  wood  (oiiM  lie  nscd  .md  N  ---.  of  it. 
riii--.  ho\M  \  <  r.  i^  l»v  ihf  w  ;iy.  W'r  mnst  now  icco^n i /.f  lli.il  the  supply  of  w  oodt-n 
-Irt'pcrs  is  ilislincll\  Ixdow  tlu"  dfniand.  and  i  I'  an\  nrw  liin'<d',  say.  l'ti(»  niilr.s  in 
liMiLitli  wfic  lo  l>t'>tarli'd  .il  omc.  Ilif  sifcjx'is  conld  nol  n  ndci'  t  lie  most  ra\<>rald(5 
coinl  i  t  ions  he  f'orl  inond  n within  ci  ltIi  I  immi  inonllis  or  iwo  years,  (rcosotrd  pino 
iVoni  imint'  is;ilwa\sa  possildr  ri'sonnc.  Itnl  Ilionuli  (dn  ap  in  lirsf  cosl  ihcy  air  dear 
in  t  hi"  lonu'  rnn. 

I.  I  think,  t  hcrcl'orc.  t  h.i  t  it' we  w.int  a  ^ood.  a  hcaxy,  and  ;i  dnialdc  road  \\r  shall 
lind  true  rronomy  ill  tli<'  t  ast-iroii  sIocjkt.  In  this  I  lind  I  am  sn])port('(l  by  my  dis- 
tin.nnish(Ml  ])ro(h'cos,sor  Sir  (Jnill'ord  Moleswort  h.  Wriiiii'^  in  September,  IHOr),  I  find 
he  says 

"Fora  metal  sh'ojx'r  I  am  iiKliiUMl  lo  preler  cast  iron  to  wrought  iron  or  sletl. 
It  is  true  that  a  lii^hter  slee])er  may  be  obtained  in  wrouirlit  iron  or  steel,  but  a.s  the 
eorrosiiMi  is  nun  h  more  rapid  in  those  metals,  the  same  durability  ean  not  be  insured 
in  tile  thinner  ami  more  easily  corrodi  ble  sleepers  as  is  possible  in  the  thicker  sleeper 
ot  east  iron.  MoreoN  or,  east-iron  slec^pers,  when  useless,  may  be  renielted,  but  athiu 
wrounlit  iron  or  steel  sleeper,  when  tliorou<?lily  corroded,  is  valueless.  I  believe,  too, 
that  it  has  been  found  that  if  sleepers  are  too  U.^lit  the  maintenance  beeoniesheavier 
in  cousi'qiuMice  ol  the  small  inertia  of  the  slee])er8.'' 

In  another  note  in  May,  ISSo,  he  says: 

•*I  (luite  ajxree  with  the  consultin<^  eni^ineer  (Calcutta  Circle)  in  the  preference  he 
aecor<ls  to  east  iron  when  compared  with  steel  as  a  material  for  slee])ers.  I  do  not 
a<xre«'  with  him  that  steel  may  perhaps  be  ecpially  durable  with  cast  iron.  Takin<; 
int(»  consideration  the  fjreater  rapidity  of  corrosion  and  the  smaller  thickness  of 
metal  in  the  steel.  I  coiudude  that  its  durability  in  sleei^ers  will  ]uobably  be  only 
one-sixth  that  of  cast  iron.'' 

r».  riie  east-iron  sleeper  is,  of  course,  lari;(  ly  in  use  already  on  Indian  railways. 
The  bow  1  or  the  ]date  types  are  in  use  (dther  partly  or  exclusively  on  the  Great 
Indian  Feiiiiisiila  Railway,  the  I^ombay,  Haroda,  and  Central  India  Kaihvay,  the 
South  Indian,  the  Madras,  the  Oudh  and  Rohilkhand  railways,  the  Indian  Midland, 
tlie  Eastern  IJeiinal.  tlie  \orth western,  and  East  Indian  railways.  On  the  latter 
the  plate  sleejiei  I  )enliaiii-(  dph(irts  is  the  standard,  and  other  sleepers  (wood)  are 
only  used  wliere  they  are  <listinetly  more  economical.  On  the  other  hand,  the 
steel  sh-ejier,  whi<  h  was  introduced  on  the  frontier  lines  in  1885,  has  been  mostly 
used  on  State  lines.  It  is  to  be  found  also  on  the  Southern  Mahratta,  the  Beno^al- 
.\a<r]>ur.  and  the  Nizam's  Guaranteed  railways.  In  its  lat«'st  develoiunent  it  is  under 
sui)i)ly  to  the  East  Coast  Railway,  but  there  we  are  faced  with  tlie  difficulty  of  find- 
ing a  larjj;e  siipidy  of  sleepers  for  tracks  where  saline  soil  is  found  and  where  we  can 
not  salely  i}se  the  steel  sleci)er. 

<).  As  to  the  durability  of  the  cast-iron  sloepei".  we  have  ainjile  and  favorable 
experience.  On  the  Madras  and  Great  Indian  reuiusula  railways  there  are  miles  of 
cast-iron  sleepers  which  liave  certainly  been  under  traltie  for  twenty-five  years  and 
are  still  (|Uite  service;! ble,  .111(1  there  <  an  be  no  doubt  that  i»roj)erly  designed  bowls 
or  jdates  in  ijood  ballast  wouhl  last  fully  this  time.  The  grciat  advantage  of  this 
sleeper  is  that  on  r(\jeetion  its  value  as  seraj)  is  from  (!0  to  80  per  cent  of  its  original 
value,  the  figure  varying  according  to  tlie  distance  from  the  center  of  the  demand  or 
]ioint  where  recasting  can  ])e  done.  Another  prime  advantage  is  that,  whether  in 
remaking  or  in  original  manufacture,  the  cast-iron  sleeper  can  be  made  in  the 
country,  and  one  item — not  a  small  one- — eliminated  from  our  liome  remittances. 
'I'he  lireakage  of  east-ir(Ui  sleepers  in  the  road  is  very  small,  but  dei»ends  on  the 
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design,  the  ballast,  and  the  system  of  packing;  but  ou  the  average  the  liguie  for 
breakage  Avould,  I  think,  be  about  0.4  per  cent  per  annum. 

7.  Ou  the  other  hand,  the  first  cost  of  a  cast-iron  sleeper,  and  certainly  one  of 
such  a  weight  as  I  have  indicated  above,  would  compare  unfavorably  with  the  cost 
of  a  cast-steel  sleeper  weighing  135  poufids,  and  still  more  as  compared  with  tim- 
ber. The  relative  cost  of  sleeepers  can  not  be  given  with  any  degree  of  accuracy 
for  the  general  question  of  a  sleeper  supply  in  India.  The  figures  would  be  com- 
plicated by  variables  relating  to  sui)ply  and  demand  at  the  time,  to  distances  of 
centers  of  supply  and  demand,  the  condition  of  freight  and  existence  or  nou- 
existence  of  effective  competition  on  the  part  of  suppliers,  but  a  rough  comparison 
of  the  cost  of  sleepers  as  now  used  might  be  somewhat  as  follows:  Taking  a  hard 
wood  sleener  at  100,  the  stamped  steel  would  l»e  about  130,  and  the  cast-iron  sleeper 
155.  Thus  the  last  named,  even  at  this  present  weight,  will  cost  considerably  more 
at  the  outset  than  the  steel,  but,  on  the  other  hand,  it  may  be  certainly  expected  to 
last  twice  as  long,  and  when  rejected  to  be  worth  from  00  to  SO  per  cent  of  its  first 
cost;  while,  under  present  conditions,  the  rejected  steel  sleeper  will  be  practically 
valueless.  Again,  if  we  attach  proper  importance  to  the  need  of  a  heavy  sleeper, 
and  to  its  economy  in  maintenauc»',  the  comparatively  light  steel  sleeper  must  be 
regarded  unfavorably,  while,  if  we  were  to  increase  its  weight  to  anything  like 
that  of  a  cast-irou  sleeper,  the  cost  would  be  far  more  than  the  cast  iron  and  it 
would  still  show  the  great  disadvantage  of  iKn  iug  a  meicly  nominal  value  on 
rejection. 

8.  If  we  a«lopt  cast  iron  in  lieu  of  steel  for  our  metal  sleepers,  a  few  words  may  bo 
given  to  the  question  of  design.  A  very  large  mileage  of  cast-iron  sleepers  consists 
of  V)owls,  either  round  or  ellii)tical  in  jilan,  and  with  double  or  single  rail  seats.  The 
East  India  Railway  alone  has  adopti'd  the  ])lato  or  fiat  l)ottom  as  their  standard,  and 
in  this,  I  think,  they  are  right.  In  a  report  submitted  as  long  ago  as  1885  to  the 
Railway  Conference  at  lirussels,  it  was  stated  that  European  opinion  might  be  sum- 
nuiri/ed  as  in  favor  of  a  sleeper  with  a  fiat  nndersnrface.  In  fact,  as  to  bearing  of, 
indeed,  in  any  other  way,  the  bowl  has  no  advantaue  that  I  can  see,  and  has  the  dis- 
advantage iu  bad  ballast  of  having  no  lateral  grip,  whereas  the  plate  sleeper  carries 
strong  cross  lilb-ts  for  this  jiurpose.  I  do  not  like  the  doul)le  seating  on  tho  oval 
pots  as  (m  the  Great  Indian  iVniusula  and  Indian  Midland  rail  ways.  It  is  a  mistake. 
Theoretically,  the  ])roi)er  l>earing  for  the  rail  on  a  transverse  sleeper  Avould  be  a 
knife-edge, 

9.  A  point  iu  connection  with  adojition  of  a  cast  iron  slee]ier,  if  it  is  to  be  obtained 
iu  India,  is  that  the  manufacture  can  only  be  carried  out  on  a  comijaratively  small 
scale  at  present;  but  if  it  was  generally  known  that  the  (iovernment  of  India  has 
adopted  this  as  a  standard  for  state  lines,  a  great  impetus  would  be  given  to  the 
industry,  and  we  might  hope,  belbre  long,  to  be  largely  independent  of  supplies  from 
England.'  It  might  also  be  expected  that  to  some  extent  stocks  of  sleepers  Avould 
be  kept  on  hand  in  view  of  a  sudden  demand. 

10.  It  will  be  gathered  from  the  loregoiug  remarks  that  I  think  we  should  be  more 
careful  iu  ordering  out  further  supplies  of  steel  sleepers  until  we  have  l)etter  knowl- 
edge as  to  their  durability,  and  that  we  can  not  do  wrong  in  sultstituting  for  these, 
for  the  present,  a  cast-iron  .sleeper.  The  only  diflicnlty  about  this  is  the  increased 
first  cost  as  compared  with  the  steel  sleeper  of  the  present  weight,  and  in  the  cost 
for  land  carriage,  which  would  be  fully  50  per  cent  more  in  the  case  of  the  cast-iron 
sleeper.  These  two  items,  first  cost  and  cost  of  carriage,  are,  I  freely  concede,  very 
important  factors  in  the  decision,  and  in  the  case  of  new  lines,  on  which  the  pros- 
pects are  uncertain,  and,  where  cheapness  in  first  cost  is  es.sential,  the  steel  or  even 
the  cheapest  wooden  sleeper  would  be  preferred.  But  for  renewals  on  our  older  lines 
we  might  safely  require  the  adoption  of  the  cast-iron  sleeper. 


'  The  weight  of  cast  iron  per  mile  for  such  sleepers  would  l)e,  for  broad  gauge,  about 
200  tons. 
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Bolts,  bent   131,175,178 

Bolts,  grip-tbrcad   131 

Bolts,  book   116, 128,  141,  162,  200 

Bolts,  borizoutal   127,  129,  134,  141,  175,  206,  208 

Bolts,  protected   201 

Bolts,  screwing  uj)   182 

Bolts,  U   11,  15,84, 136 

Bolted  angle  bar   28 

Bolted  cbair.s   14,  15,  21,  23, 137, 177 

Bolted  clamps   23,  29,  37,  44,  45,  47,  4S,  52,  53,  54.  55,  56,  58,  60,  61,  62,  63,  70,  71, 

72.  74.  79,  84,  109,  110,  117,  118,  127,  128,  129,  130, 131, 133, 135, 
136,  137.  138,  139,  140,  141,  143,  161,  175,  178,  199,  200,  205,  207 

Ilaarmann   48 

11  e  i  n  d  1   52,  53,  55,  56 

llobenegger   54 

K'lippcl   47 

IJolted  clami»  and  key   118 

Bolted  clamp  witb  w..<.d  blocks   127,  12S,  129, 133,  141 

Brace   115,  117 

Cbair  and  bolts   177 

Cbair  and  clamp   143 

Cbairs  for  rack-rail   5.s,  C.l,  103,  110,  118, 143 

Clami).s  {ftev.  uho  Iiolt»-d  clamps)   18.70,72,79 

Cianip  and  key   74,  139,  142,  208,  509 

Clamp  and  tie  ])lMte   141 

Complicated   50 

Cotters.    (.s'ee(iib  Mud  cotter.) 

Defective   53,  137,  151 

Discussion  on   175 

Ertect  of   61 

Exjieriments,  limitJ'd,  useless   125,  133, 149 

Forces  resisted"  by   176 

(iib  and  cotter   19,  29,  47,  61, 106,  207 

Good  and  bad   152 

Gauge,  adjnstmeut  by  {see  also  Gauge)   15,  48, 167, 169,  177 

Gauging  boles  for   166 

Holes  for.    (.Set- Holes.) 

Importance  of   179 

Inefficient   137, 151 

Joint  clamp  v.  splice  Ijur   129 

Key  or  ^vedge   16,  17,  26,  38,  69,  73,  74,  90,  93, 100, 101,  205 

Key,  split  end   118,  176 

Key,  Tvarped   139 

Key  and  clamp   74,  139, 142,  208,  209 
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Kasiiim I'ur  rails  to  metal  t  ics— ( 'on  I  i  ii  .icd.  I':i;;e. 

Kry  aii.l  In-                                           1(1.  iu.  ilS.       sS.  iU.  KH.  10.^.  li:,.  Vl'l,  1J2, 

Idl.         liiii.  Itiit.  171.  17;!.  17»i.  17s,  is;>,  I'o!) 

Key  ainl  slot   111!) 

Key  lor  hi  itljLii"  rails   21).") 

Key  for  (lonltle-licadeil  rails   Jlf) 

Limited  experiments,  nseless                                                                  I'J."),  |  |!> 

Luus   Ki,  NN.  i(<:;.  1 1:..  I7i,  I7t;, 

l.n-.  hanuiuM-ed   1  I!) 

1  ,iiu.  lock  ini;   1117 

Ln^  and  >]iikr   110 

and  I  iel.ar   llili,  1:57 

Ln^  c.  St  rew  head   72 

Noise  with,     y     r  Noise. ) 

Patents   :ni 

Relation  to  lite  and  cost  of  ti(^   1!I7 

Ivequiremenis  "or   17(> 

Ivigid  to  tie   ,s(),  17S,  IS.", 

K'iVoted   01.  7(».  72.  71,  7!».  10:5.  117.  i:;:).  140,  1 13,  101,  li)!»,  2(X),  20(; 

JScrews,  tap   30,  72,  120 

Screw  spikes   IIS 

Security  of   52,  SO,  153,  102,  178,  1S5 

Sin)i)lieity   152,  175.  170,  187,  1<)7 

Spikes   18,  132, 13!),  1 10,  112,  113 

Spikes  iu  iron  Mode   142 

Styles  ot",  Australia   84 

Tap  screws   3t3,  72,  120 

Tiel)ar   00,93,95,08,  120,  i:^7 

Ti.i;ht   80,  178,  185 

Wedge.  (5eeKey.) 

\Vei.i;ht.    (-See  Weight,  under  W.) 

Wood  blocks   127,  128,  129,  134,  141 

F-ASTKNINGS  for  rails  to  wooden  ties   22,25 

IJolted  clami)s   !  13.  225,  253,  255 

Chairs   22,25,92 

Kllect  of  imi)roved   150,  151, 152,  225 

Fang  holt   93,  225 

Improved   150,151,152,225 

Inetlicient  -   150,151,152,212 

Key  and  lug  on  tie  plate   250 

Patents  on   311 

Screw  .spikes   1<^.  ::<'.  33,  35,  71,  178,  224,  253,  254,  255 

Spikes   OO,  93, 100, 105,  214,  224,  225.  255 

Spikes,  bored  ludes  Ibr   33,  73.  223,  221 

Spikes,  calculation  of  security     10:j 

Spikes,  decay  at   219' 

Spikes,  tilling  holes   248 

Spikes,  galvanized,  for  treated  ties   71,  270 

Spikes,  loosening   21,  22.  25, 185,  214 

Spikes,  round     33 

Fastenings  for  metal  and  wooden  ties  compar*  d   190 

Felt  pads  and  tie  plates   15,  18,  90,  178, 179 

Fencing,  kyanized   245,  275 

Floods,  elVecton  metal  ti.  s   79.80,81,84,91,97 

Forces  resisted  by  metal  ties   176 

7937— 2^0.  9  -'I 
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Forests   216 

Destruction   6,211 

Portable  railways  iu   201 

Forest  fires   211 

Forestry,  Belgium   33 

Foreign  countries   33,  211,  225 

United  States,  economy  of   223 

United  States,  need  of   6,  211 

Forestry  exhibit  at  the  Columbian  Exposition   212 

Frogs.    (.See  Switches,  under  S.) 

Frost,  effect  on  track   127, 12J<,  157, 170,  185,  186,  256 

O. 

Gauge  of  track  on  metal  ties   17, 155,  176 

Adjustment   15.  18,  70.  106.  108, 100,  131.  I  ll,  167.  160.  177,  208,  255 

Alfected  by  rail  last  en  in  us   162 

Alferti'd  by  tie  bending   173 

Change  of,  India     88 

Curves   36.  48,  62,  71,  81,  106. 175, 177 

Double,  ormixL'd,  India   88 

Effect  of  fasten i ngs   160 

Eftect  of  tie  i)lates   210,  250 

Ertect  of  wear   20,  30,  32 

Effect  on  cost  of  railway   117 

Fastenings  in  relation  to   15,  18,  107.  160,  177 

Fixed  by  rail  heads   177,  178 

■  Fixed,  on  metal  ties   176 

Imperfect  on  longitudinals   156 

Maintenance  on  metal  and  wooden  ties   50, 127,  155 

Measurement  from  rail  heatls   177, 178 

Metal  i)referable  to  wooden  tics   47, 155 

Tiebars  and  tie-rods  for   37,  54, 156,  203,  205 

Variations  in  metal  ties     167 

Gauge  rods  for  longitudinals   54,  156,  203,  205 

(;rades   26,  .37,  45.  55.  .57,  5S.  61.  02,  03,  70,  73,  76,  04,  90, 

107,  10!t,  110,  111!,  1 15.  110.  117,  118.  1!»0.  208.  249 

Grades,  tie  plates  on   249 

Guard  rails,  Ilaarmann  track   46 

Guard  timbers,  vulcanized   243 

II. 

Handling  metal  ties,  shields  for   120 

llaarmann's  metal  track   46,48,209 

Heaving  ballast  by  frost   127, 128,  157,  176,  185,  186,  256 

Historical  notes  of  metal  track   203,  206,  200 

History  of  track,  Haarmann's   209 

Holes  in  metal  ties,  accurate  work   1(57 

Drilled  and  j.unched   15,  23,  31,  32,  52, 166, 168, 171,  173, 174,  180 

Gauging  of   166 

Rounded  corners    167, 168 

Shape  of     166 

Stopping  cracks  by   168, 173 

Weakness  at   168 

Wear  of   2! t,  32,  208 

Holes  bored  iji  wooden  ties   33,  73,  223,  224 
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I.  I 'a-.-. 

Iii.lii.«.trial  railwM.vs   I  In.  171',  L'Ol 

lll>f(|>  (lr>t  1  IK  1 1  \  f  Iti  wootltii  tirs   (tti.  71, 

7ii.  77.  SI,  s.-,.  107.  1  IS.  1.-.:;.  1!I7.  L'l'l,  I'L'."..  IT.."..  L'Ci;,  L'77.  I'Sl'.  I'S.-, 
Iiittiiiati'iiial  K'ailway  ( 'onu.iL-.ss,  disciissioii  dT  iiu-lal  tics   -I,L'!», 

:!i. :!(;, r.<»,  i;:;.  i.-.:;.  i7;t,  isi.  188 

Iiitfriiatioiial  Traiiiway  I  iiioii    'S6 

.1. 

.Irtty  tiiiiluT,  wonn-catLMi   224 

K. 

Kiln  for  M  asniiinii  liiiilxT   228 

L. 

Labor.  al^o  Section  men.) 

Cost,  hulia  ami  Anstiaiia   78,79,81,  1:52.  lOf) 

Manulactnre  t»f  niotal  tics   KKJ 

Kcononiy  in   127 

Metal  and  wooden  traeks   lOS 

Track   78,  71),  SO,  81,  i:;2,  is:;,  252 

Track,  saving  1)\  tie  j dates   252 

ITuskiUed,  traeklayin.i;   ;]8.  71 

Wages   78,79,81 

Land,  swampy  and  wet,  Anstiaiia   78,80 

Land,  swampy  and  w^et,  India   01 

Life  of  metal  longitudinals   182 

Lite  ot  metal  ties   11,  30,  67,  08,  79,  80,  !,'8,  101,  103,  IM,  121, 

134,  180,  182,  189,  1*)3,  190,  197,  312,  313 

Conditions  aftecting  (.see  Kecords)   180 

Trallic  nieasuic  of   ISO,  190 

Lite  of  wooden  tics   19,  07,  08,  82,  98,  101,  112,  111,  119,  120, 124, 134, 189,  193, 

212,  215.  222,  224,  225,  230.  237.  238,  250,  2,52,  253,  260,  209 

Long  m  Lnroi>(!  and  short  in  United  States   188 

Kelalive  cost  aud   114,225 

Tabular  statement  lor  United  States   210 

Tratlic  measurement    215 

I'reated  or  impregnated   233,  236,  265,  269,  270,  279,  280,  286 

Variable   118 

N'arying  conditions   215 

Light  railways   16,  36,  37,  66,  78,  80, 120,  140,  197, 198 

Cheap   80 

C«donial   78,80,120 

Factories  antl  industrial   110 

Metal  track  o.   1 10, 197.  198 

I'ioneer.    (.Stc  I'ioneer  railways.) 

Portable   16,  36,  37, 140,  201,  311 

Lining  track   84,  108.  127.  129. 131, 169,  189 

Local  railways,  Tx  lgium   3().  ;>7 

Locomotives,  weight,  etc   IS,  21,  22,  26,  29,  30,  36,  37,  58,  5t),  00,  01.  03,  (54,  09,  70, 

72,  73,  74,  89,  91,  94,  96,  105, 107,  109,  118,  127, 133,  228 

Kide  easily  on  metal  ties   127 

Street  railways   37 

Logs,  preserved  by  Boucherie  proce-;.   25!l 

LoNGiTCDiNALS,  mctal  -   101.  103.  ISl 

Abardoned   39,  44,  147.  157 
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Longitudinals,  metal— Continued.  Page. 

Advantages,  theoretical   156, 159 

Ballasting   54,  55, 156 

Bearing  surface   158, 159 

Breakage  of  rails  on   51 

Cross-ties  and   45, 156 

Cross  connections   34,  40,  54, 156, 158,  162,  204,  205 

Curves   55.  156, 158,  204 

Decrease  in  Germany   39,43 

Defects   34 

Discussion  on   54, 155, 160 

Drainage.    {See  Drainage.) 

Fastenings   54, 158, 205,  206 

Gauge,  inii)erfect   157 

Gauge  rods  {see  Tiebars)    37,  54,  156,  203,  205 

Joints   54, 156, 158 

Light  rails  on   55,  156 

Maintenance,  cost   191 

Metal  ties  r   46,  54, 161, 163 

Mileage   145,147 

Objections  to   155,  15!>,  204 

Opinions  on   159,  KiO 

Patents  on,  l  iutrd  Statis   156,311 

(Quality  of  stetl   .55 

Kails  on   34,46,55,  156. 163 

K'ails  creei)ing  on   31,  156 

Keuewals   157 

Street  railway  track,  (iermany    204 

Surfacing   159 

Switches  on   55,  158 

Tamping  balhist   54 

Tracklayiug   .55 

Wave  motion  of  rail.s   46,  156, 163 

Wear  of  rolling  stock   163 

Longitudinals,  metal: 

]>argion.  United  States   298 

Barlow,  England   203 

Battig,  Austria    34,206 

Berlin  City  Kail  way   1(52 

Bridges-Adams.  England   203 

Comi)ound   204 

Daelen   204,  206 

Germany   41,  55 

Grooved  top   205 

Haarmann   48,  49,  50, 160, 162, 185, 186,  205 

Haarmann  girder  rails   160 

Hartwich   157,204 

Hesse-Louis  Railway   158 

Heusinger  von  Waldegg    205 

Hilf   34,  40,  46, 1.56, 162, 182,  186,  204 

Hohenegger   51,  .54, 158, 159, 160, 196,  205 

Kirsh,  Belgium   206 

Macdonuel.  England   203 

Khenish   186,205 

Seheffler  204,206 
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Lonuiliuliuals,  iiu't;il  —  (  Out  iniuMl.  V-.i^o 

Solt-l»o:iriiJ'i  i  ;i i  1.  1 1 nnami   IK, -1 9,  50 

Solf-ltcannu  rail,  N  ictoi   .'>(» 

S.  ir.  s  and  liatti;,^  ■     :51,  JOC 

T-s.-cI  loii   Tm,  ir>S.  15:i.  L'Ol 

Wmklrr,  (  H  i  iiian  v    I'of. 

I         1 11(1  iiials,  w  tiixU'u  

Main  iKNANci:  <»l'  tra(  k    -JU/J-J.'SA.-JCk'.VJ, 

lU'ljiiiHii   '•>  I 

Cost   I'D.  L't;.  l'!t.  r.O.  (il.  (il.  lis,  ti!),  71'.  7!l,  SI.  105,         ISS,  liH 

rraiic'   JO.  22.  2:5.  20 

(icrmany    I  t.  17,  IS,  50 

(iood  track    151 

(iottliard  Kaihvay    5i» 

H('a\  y  rails  and   !!• 

India   100.  101 

Metal         itudiiials   157.  ISt;,  lilO,  101 

M(>tal  tics   IS,  2!).      :n.  10!).  ISO,  18(),  1S7,  100,  l!ll.  207 

KcoiH.iiiy  of   53, 127, 151,  153,  ls7.  2i:; 

J.iniitcd  cxitci-iiiionts  uscdess   125.  1 10 

Miiiiinuin.  Holland   IS5,  1*10 

Metal  and  wooden  t  ies    15,  1(),  20,  30,  51,  52.  53, 

(iO,  105,  121. 12-1.  12(3.  127,  130, 131,  134,  1S4,  100 

Kecord.s   24 

Section  ^angs  {sec  Section  gangs)   72 

Manufacture  of  metal  longitudinals,  expensive   201 

Manufacture  of  metal  ties   130.  101,  KiO,  100.  171.  172,  314 

Accurate  work  r<'(inired   16().  107 

At  railway  shops   131,  112,  107,  lOS 

Avoid  expensive  work    107 

Careful,  for  good  track   180 

Commercial  imix.rtancc   4,  13.  8(;,  02.  121.  110.  154.  l(i!>.  201,  202 

Compound  ties   108 

Cost  of  process   174 

Dro])  forge  .sLajung   131,  103 

Kllect  of  low  price  of  steel   113.  114 

England   13 

(iauging  Oolt  holes   100 

(Jennan  exports   4:5 

India   02.314 

Industrial  (-ffocts  of   4.  13.  13.  8(5,  02 

Inspection   167,  168 

Labor   lOt; 

Pressed   10.  131.  1  12.  103.  100.  100.  17(J 

Punching.    (Sec  Hides.) 

Kolh-d   KKi.  KiO,  170 

SujxTvision  of   1  ,7,  168 

Testing  rejected  tit  s   172 

T'nited  Stat«^s   4.  172 

Manufacture  of  wood  creosote  oil    284 

Manufacturers  of  metal  ties: 

American  Railway  Mamtenanco  Syndicate   137 

Angleur  Steel  Works,  lielgmm   38 

liolckow  &,  Vaughan,  England   15 
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Manulactnrei-s  ol"  metal  ties — Continued.  Page. 

Carnegie  Steel  Company,  United  States   172 

Chair  and  Sleeper  Company,  England   1() 

Cbappee,  France   25 

Colvrell  Iron  Works,  United  States   201 

Conillet  Works,  Belgium   37,  206 

Daniels  Steel  Railway  Tie  Company,  United  States    132.  135. 138, 172 

Decauville,  France   201 

Denaiu-Anzin  Works,  France   22,  71 

Kl)l)\v  Yale  Steel  Company,  England   75 

Oeorgs-Marien  Works,  Germany  -   48 

(iuteliotinung,  Cerniauy   109 

Ilaarmann,  Germany    50 

Ilalbergliutte,  (Jermany   199 

lloerde.  Germany   109 

Hudson,  England   16 

Hunt,  C.  W..  Company,  I  nited  States   140.  172,201 

Krnpp,  Germany    (55.  114.  118.  128,201 

Lackawanna  Iron  and  St«'el  Company,  United  States   141,  17:1 

Legrand,  IJelgium   201 

Orenstein  A:  Koppel,  Germany   201 

Uaulet  *fc  Lavalette,  France   20 

Ponsard  &  Co.,  France   18.  71, 121 

Price  Railway  Ap])liance  Company,  United  States   133,  111 

Railway  Improvement  Company,  United  States   140 

Schoen  M.anufacturing  Company,  United  States   130,  163,172 

Standard  Steel  Tie  Construction  Company.  United  States   128, 141. 

Steel  Company,  of  Scotland   1( 

Straul)  Safety  Metal  Tie  Company,  United  States   Ill 

Sweet  Metal  Cross-Tie  Company,  United  States   143 

Tredegar  Iron  Company,  ICngland   108 

Marking  ties   196,222,236 

Metal  couta<  t  of  rail  and  tie   178.31: 

Met.m.  ties,  typos  of: 

Angle  iron   20.  (i2. 1.3.3,  141 

Angleur,  Belginm   38 

Berg-and-Marche.  Germany   13,44,207 

Bernard,  Belgium   34 

Jionzano,  United  Stat.  s   133,  136.295,296 

P.owls.  (.SeePots.) 

Boyenval-Ponsard..  17.  21.  27.  6.5.  66.  67.  69.  70.  71.  110,  111.  112.  113.  120.  121.  196,  30; 

r>raet,  lielginm   32,53 

Ihandwood,  United  States   134,136 

lininon,  France   20.208 

Bnckle  plate   67,  115.  IK 

Cal>ry,  England   16.  169.  17( 

Callahan,  United  States   137 

Cannon,  United  States   137, 198 

Caramin,  I^clginm   36 

Cast-iron  («<?e  a\m  Plates  and  pots)   86,  87,  89.  91,  313 

Design  of   314 

Germany   199 

India,  manufacture   314 

Plate.    {Sc-e  Denham-(  )lplierts,  itlm  Plate.) 
Pot.    (Nee  Pots.) 
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Mi:  i  .\i.  i  iKs.  typrs  of— ( 'out  iniicfl.  Tap-. 
Cast -iron — C'oiit  in  md. 

Kail  mtiita  of   'Xk  !'<:.  :;i  1 

Strel  r   '.'1.  !i7.  UK).       i.s|.  isit,  ;;ii>.  ;;i:; 

Cliair  and  Slot'ixT  ( 'ompaiiy .  I'.iiiilaiiil   1(1 

Cliainifl.    (  Sii  Troiii;!!. ) 

('oliiiiihian.  riiitcil  States   iL'd.  i:;7.  1  l:> 

Corru-ratiMl   M.  KlL*.  i:!:).  i:;s.  I7;i.  I'.iT 

Cowdt'iy.  Australia   S2 

('lane,  rnit»Ml  States   1:>S 

Cross-ties   inii,  k;:! 

Daniels,  I'liiled  States   1:5!.  i:!.").  i:{S.  ITH.  17I).  iS;).  1!IS.  ]!)!!.  :;()_' 

Dec  anvil].'   l^nj 

Denliain-Olidi.Tts.  India   Sd.  ilO.  !•;!,       lOO,  1()1\  l()r».        li;],  li;7 

Dnl"()nr.  I'rance   2S 

Flat  plate.  I  niled  States   \\\:k  KiS.  1  VI 

Gilf.  Ivussia   (■>  I 

filynii,  Tnited  States    i:;!t 

(Jolder.  Tnited  States   12S 

(iottliob.  I'nited  Stat(\s   i:?!! 

Greavi's,  India  

(iiiillaninc.  France   IX 

Ilaarniann,  (ierniany   ^G,  17.  IS.  Gl,  DK).  208,  200 

llanuMoud,  United  States   Kil.        1 10 

llartlord,  United  States   1^0.  1 10.  172.302 

Ileindl    l.S.  16.  17.  50,  T)!.  .")2.  55,  5fi.  57,  100 

Heller.  Fnited  Stales   1 10 

Ilieks,  United  States   110.  Ill 

Hilf   08 

Howard,  Bra/il   112 

Hndson,  lOn^land   10 

TInnt.  United  States   1  10.  172.201 

I-l.eani   1<).  00 

Indian   171.312 

Inseparable  elip(Rendel)   171 

Johnson,  street  rail  way.  Unit<'d  States   200 

Ker,  En<;land   10 

Kerr  and  Stnart,  Fni^land   110 

Kinnear,  United  States   1  10 

Krnpp   05.  1 11.  1  IS,  12S 

Krnpp.  in  United  .States   128 

Lancaster.  TTnited  States   Ml 

Uebedinski,  Rnssia   01 

LeCrenier   20() 

I^ef;rand   200 

Ui-;Iit.  riveted   199 

Lindentlial.  United  States   300 

Livesey   73.  71.111.115.  122.  200,  200 

Mallet.  bn(  kle-i)lat.)   110 

Menans.  Franr-e   20.  208 

Mines   17,  27.  201 

Moore,  east  iron.  India    8!).  100 

Morrell,  United  States   12S.  1  1 1,  172.  17S.  170 

New  York  Central  Railw.iy.  United  States   172.  180 

Old  rails  .'   17,  37,  137, 108,  200 
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Metal  ties,  types  of— Continued.  Page. 

Osborjie-Eeyiiolds,  England   206 

Panlet-Lavalette,  France   20 

Peapod,  steel.    {See  Rondel). 

Phillips,  Australia   77,  80 

Plantations   201 

Plates   89, 106, 147, 160,  812 

Cast-iron   86.  89,  90,  91,  92,  93, 102, 104, 105, 106, 154, 161, 167 

Denluim-Olplierts   86,  89,  90,  91,  93.  99.  100, 102, 105, 154, 161, 167 

Historical   206 

]\Iilca,ue   146 

Steel   67, 115, 116 

tSteel  corrugated   179 

T'nited  States   126, 137 

Wrought-iron   S7,  101,  102,  116,  206 

Pojx-,  I'nited  States   141 

Post   18,  25,  29,  31,  32,  53,  75, 109, 110, 154 

Pots   60,  67,  73,  74,  86, 101, 126. 137, 147, 160 

IJallast  lor   67,  9.3,  96,  98, 100, 101, 102 

(  ast-iroii   61).  (57,  73,  86,  89,  91,  93,  95,  96,  98, 99, 100, 101, 102, 

10.3.  104,  111,  112,  114,  121,*  122,  178,  189,  312 

(i  reaves   99 

India   Si;.  SO.  94,  95.  96,  98,  })9.  100,  102,  312 

Live.soy   111,122,161 

Def.cts<.t   73 

Ilistorir.il    206 

Mileage   116 

( )n  liridge,  India   102 

Krplaced  l)y  trou-lis   122 

Scrap  valu.   100,314 

Steel   101, 161 

Tamping  of   86, 100 

Troughs  r   97.  100, 122,312 

"Wrought-irou.  Ca]M' ( '(tioiiN    74 

Price.  ITuited  ."^tatcs  '.   13.3,141,167,178 

IJendel.  steel   86,  87,  88,  94,  97,  09, 102, 103, 104, 107, 112, 

113,  115,  122.  169.  170,  171,178,  182,  312 

Ijeynolds.  Englan.l   206 

Phcnish   34,43,207 

Kilcy.  England,  steel   16 

Saddle.  India   87, 101 

Sampan   308 

Saunders,  United  States   128, 1.32, 142, 297 

Schoen,  i:nited  States   112, 172 

Schoficld,  United  States   126 

Sears,  United  States   142 

Severac   19,36,39 

Soignies,  P)elgium   .35 

Standard,  I'nited  States   126, 127, 129,  133, 1.34,  142,  172,  175, 17S.  179, 196 

Straul),  United  States   142 

Street  railways   27,  1.35, 1.38,  200 

Sweet,  United  States   143 

Taylor.  United  Slates   126, 137, 143 

Tozer,  England   310,311 

Travis,  United  States   134, 137 


INl.F.X.  ^29 

MkT.M.  \  \V.%,  ly |m'S  (»t  — (  Out  iuMcil.  I':i;rf. 

Triaiijiiiini-   l-n 

'rn,„i;l,   1  I.  ir..  Hi.  17.  IS,       LM.  LT..  27.  2S.  2!*.  31.  32,  3(;.  11. 

IT),  d;,  17.  r.i.  .".2. r.c.  r.7.  ."'S. .".'.».  tio.  (U,  (;2.  (53.  gi.  (k"),  'js,  (;«».  70, 71, 72. 73, 

71.  7:..  7t;.  77.  S2.  N3,  SI.  si;.  s7,  SS.  SI),  !K).  HI.  ;il,i>7.  i»S.  !»;♦,  KM).  101.  102,  103, 
101.  107,  10s,  100.  no.  Ill,  113.  nr..  110,  117,  lis,  120.  121,  122.  123,  12!). 

i:;o.  132.  1:5:5.  i:50.  i:;!i.  no.  111.  i:.:5.  ir.t.  i(;2.  17:5. 201. 2(i(;.  2(is.  20!),  312 

Kaily   2(Hi 

Interior  rilis   i7'.t 

Laid  on  si(l«>   112 

( tDp   IS.  27, 

i;:,.  111,  112,  i2ii,  127,  !2s,  120, 1:51,  111,  112,  n:;,  177.  170, :-{oo 

P.-ickiiiLT  ItT  sliipin«'iit    122 

rarall.'l  witli  rail  .    12(i.  i:!7 

Street  railway   2(i() 

Tainiiin;^    lsr> 

Wotnl  l)l()cks  in   is.  12(i,  127,  i:):!.  i:;i.  110,  111,1  12,  1  i:i,  177,  17S 

Trussed   142 

Vautlierin   1!».  20,  31.  Gl.  OS.  Hi),  182,  207,  208 

Walker.  I'nitcd  States   113 

Ward,  United  States   1  13 

Webb,  Kiijrland  and  Tiiited  States   11.  1:52.  170 

White.  Kn^rland   17,  2!)3 

Willemin.  or  Z-bar.  iicluiniii   24,37 

Wood's,  Ku-liuid   208 

Wrou,;^bt-ir<.ii   :^2.  '56,  07,  73,  74  .  87.  101,  i:^3, 163 

Belginni   3(5,103 

Cape  ('f)lon>-   7:5,  71 

India   S7,  101 

Steel  r   32 

Z-bar   24,  32,  37,  38.  03,  (58,  70,  72,  137 

Mi:tat,  riF.s  (discnssious  relativ<'  to). 

Abandoned   28,29,30,06,124,133,149,1.53 

Advantages   17.  70.  77.  82.  93,  107, 122.  151, 156.  159, 178, 180,  312 

Analyses  of   K^O.  163,  164, 165,  166 

Bearing  snrfaer     158,159 

Ben.lin^r  of  ^   18,83,173 

Best  type   153 

Braeed  at  o])(  n  end    133 

Branch  linrs,  India   151 

Bridge,  pots  on.  India    102 

Broken.    i^See  Brcaka<ies.) 
Cast-iron.    (.See  Plates  and  Pots.) 

Chairs,  cast  on   25,  1:^.3,  137,  177,  180,  201,  206 

Coniniercial  im])ortanr'e  («ee  n/xo  Manii  laci  urc  )   8(5.  2(d,202 

Comparison  of  systems   151' 

Comparison  with  wood   25,  f)0,  150,  1S5.  189,  1S)S.  311.  313 

Cf>neln8ions   201 

Cost.    (5ec  Cost.) 

Cost  of  transportation   *tO,  314 

('racks,    (.See  Cracks. ) 

Cross- ties   155.  157 

Cnrves.  special  ties   117 

Damages,  Holland   29 

Defects     73 

Detlectiou.    (.sVe a/«o  Bending. )    182,184 
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;Mf,tal  ties  Cdispussions  relative  to) — Continued.  Pa"-e. 

Depth.  com])are<l  witli  wooden  ties   185 

Derailments  on   90,  100, 100, 117, 127, 132 

I^esign   154,155,174,314 

Development  of   150 

Dimensions   162 

Discnssion  on   1 49^  I54 

Dnrability.  '  (See  Life.) 

Ease  of  layinj;   69 

Easy  riding   iM .  22,  32,  68,  69,  88,  100,  102,  126,  207 

Econonjy  of,    (Sec  Economy.) 

ErtVct  on  metal  indnsti  ies   201 

EHiciency   179,187,202 

Elasticity   21,21,36, 161 

Electric  railways   45, 135,  139 

Elcvateil  railways     13S,  142 

Electric  signal  circnit  a  licet  cd   121, 12i»,  130 

Ends  open  or  closed   26.  10!l,  117, 125, 133, 136, 179 

Ends,  sh.ipe  of   I79 

En<;ineer's  opinions  \  ary   179 

Experience  with   133. 150,  202 

Experiments  w  ith   125,  133,  149,  153, 154 

Experiments,  limited,  valueless   125,  133, 149, 154 

Eailnrc,  alle^^ed,  on  Teinisyl vani.i  l{ailrn:id   125,133,149 

Ea.stenin<;8.    (See  l'\istcninfxs. ) 

Forces  resisted   liil,  1(53.  168,  178 

Form   173 

•Four-track.  New  York  Central  h'.iilway   130,151 

(Jauj;e  on.    ( See  (  Jaui;e. 

Handling;   120 

Heaving'  l.y  frost    127.  12H,  15i,  176, 1S5, 186 

Heavy   187 

Historical  notes.    (Sir  II  istnric;il. ) 
Holes  in.     (See  Holes. 

Ideal   152 

Imported,  India   86,97,312 

Imi)orted,  Unit<'d  States   128 

lm])ractical  ideas   150 

Itn])roveinents  on  jiatcnts   154 

lndei)endent  of  other  tics   173 

India,  contracts  for   86 

Ini'erior  to  wood,  CajM'  Colony   73 

Instal.ility   131 

Insulation  from  sif^nal  circuits   121,  129,130 

Interior  ribs   162 

Inventors'  claims   125 

Eateral  resistance   46, 

51,  60,  84.  115,  12s,  129,  130,  133,  136, 13s.  1 II,  112.  1      1(;2,  179, 199 

Legislative  action  on   150 

Life.    (.See  Life.) 

Light  railways   76.  77,  82.  89.  140, 172 

Light  traffic   116 

Longitudinals.    (See  Longitudinals.) 
Maintf-nance.    (Ncc  Maintenance. ) 
Manufacture.    (See  Manufacture.) 
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'.1  Al.    Ill  ~~  I  il  i^riisMnlis  ii'l;ili\c  (t))  —  { '((III  iliilcd.  I'hU'-- 

Markr.l  !..!■  rcenls   1% 

Mil.   201 

M  i\i  (I  ^Miiiic  in  Iiuli.i   .88 

Nai  rnu  ^^-.in^^v   :?7.  C 1 .  (i:..  7 1 .  Tli.  T!!.  7:..  S  I .  SI).  UO] 

Noise  (111 .     [  >'(•(■  Noiso.  ) 

Nol  ii.'c.  -.saril\  l^oo.I  

NnmL.T  |u  i-  mil.-   I'L  IL':! 

(  M.icctions  to.    (See  ( )l)j(  (  t  ions.) 
( rails.    (Scr  Unils.  ^ 

(  )i)iui..ns  ..n    17!>,  ISO.  202 

I'atnils.  I  nilcl  Stairs   121,  2!t2 

raliMili'il,  iiiiproN  (  incuts  in   V>\ 

ridiic.  r  railw  a.\  s   (iti.  7(i.  77.  SO.  SL'.  Iil7 

r.)i  iai.ic   1 1(».  201.  :;i  1 

I 'i  iscix  ;i  I  i  \  (•    ( i-catincnl .     (>Vr   I 'rcsci'N-at  i  \  c   treatment.  (iJsd  1,'iist  and 
(■(irrosion.  > 

Price  of   175 

rnnchini;  '   171 

(,>iialil\  of  metal  i  s,  r  nisn  Steeh   II.  ::S.  .->:5,  5!).  GO.  (J.'?.  (iS.  7:;.  7!).  i:!0,  1  10.  lOS 

l^iil  seat,  inclination   207,  20S 

Kejeeted.  tests  of   172 

Keplaecl  l.y  wood    120 

Keldacin^  wood   IS 

K*e(|nii-einents   1.").")^  Kil,  KiS 

•  Scrap  valno   (iO.  l<!r>.  1.".,  100.  ISi).  1!»:!.  197,313 

Selection    154 

Sidetra(dss  :   SI.  132,  154.  155 

SiinplicitN   173.  1S7.  107 

Sjiecial  for  ciir\  es   117 

Special  lor  ^nune   170 

Special  for  Joints    1)50 

S])ecial  ]>arts   111.  17i» 

Speed  ellVcts   21.  153,  151 

Stability    173 

Station  yards   100.  103,  132,  138,  U2 

'oleel.    {Sec  ^^nnlity  of  metal,  also  Ste(d,  nnder  S.) 

liasic   38 

Low  cost   1 13.  1 1  I 

Martin    03 

S])eci  licat  ions   79 

Steel  V.  iron   _   32.  !>7.  ISl.  1S<),  312 

Stillness   i:.7.  173.  181 

Street  railway     13.201,211 

Stren-th   182 

Siiitalde  lor  sei-\  ice   153 

Siiital.le  lor  lii-li  speed   21 

Switebes.     (.SVc  Switches.) 

Testa   125.  I  l!i.  172 

Tie  plates  on.      (Sec  'l  ie  ])lales.  ) 
TralVic  on.    (Sec  Trallic.  ) 

Trials,  limited.  ns(dess   125.  \:p.  1  10 

I'nited  States   121,  1*10,  151 

Unsatisfactory   15:.' 

Woak   IS.  I'.i.  1'!).  0.  07, 0!».  7:;.  s:;.  1(11.  lo:;.  i  lo.  isi 

Wear.    {Sn  Wear. ) 
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Metal  ti"s  (discussions  relative  to^i — C 

Wear  at  bolt  holes   29,  32,  208 

Weight.    (/See  Weight.) 

Wet  country   78,  82,  91 

Wooden  bearing  blocks   18.  312 

Wooden  blocks'iu   18,  I2t;.  127, 128, 129, 133, 134, 140,  111.  112,  M.S.  177 

Wooden  ties  v   25.  90, 150.  151,  152, 163,  189,  198.  311,  313 

Worthless,  United  States   126 

Yards.    {See  Station  yards, ) 

Metal  and  Avood  combination  ties   198.  311,  313 

Metal  track,  compared  w  itli  wood   151,  152,  163 

Conclusions   201 

Discussion  on   149 

Durability.    {See  Life.) 

Easy  riding   21,  22,  32,  68,  69,  88,  100, 102,  126,  207 

Economy  of  good   152 

Effect  of  lioo.ls   79,80,81,91 

Etliciency   179 

Elasticity   OS,  127 

Experimental  length   197 

Failure,  assumed   125.  133,  1 19, 154 

Hard  riding   96, 160 

Heavy  and  light   153 

High  speed  on   153 

Increase   4 

Historical  n(»tes   203, S06 

Imlilference  to,  in  I'nited  .*<tate8   153 

Ijongitudinals  v.  tics   163 

Maintenance.    (Ser  Maintenance. ) 

Mileage   4.  1  15.  1  17 

Opini(jn  on   150.  201 

Percentages   4,57,  145,  117 

Safety  of   150 

Status  of   202 

Successful   153,  202 

Ty])es  of   117 

Via-duct  lloor   130 

Wet  country   78.  80,  91 

Without  ties   39,203 

Mill  timber,  treated   280 

Mines,  metal  ties   17,  27,  1 10,  198 

Mountaiu  railway,  cable   G2 

W. 

Names  mentioned;  engineers,  etc.    {See  aUo  Metal  ties;  Names  of  invent- 
ors, etc.) 

Abrami,  C,  engineer,  Puerto  Kico  Railway   121 

Alexander,  M..  roa<lmaster,  Chicago,  Rock  Island  and  P;icilio  ]»ail\v;iy, 

United  States   269 

Allen,  Charles  H.,  timber  preserving,  Ignited  States   21 1 

Anderson.  J.  A.,  chief  engineer.  Eastern  Bengal  Railway.  India   93 

Arcliibald,  P.  S..  chief  engineer,  Intercolonial  Railway.  Canada   252 

Ast,  Engineer,  Emperor  Ferdinand's  Xorthem  Railway,  Austria   175 

I'.alldn.  E.  J.,  engineer.  Havana  Railway,  Cuba   119 

Kamber,  H,  K.,  civil  engineer,  on  manufacture  of  ties   161, 169 
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NailU'>  IIH'll  I  ioiKMl    -  (    (III  I  illlllMl  . 

.IjMiiis  K*.,  cliicl' ciiniiiccr.  I'.,ist:  Coast  K'ai  I  w  ay.  I  ii<l  ia   iM 

Hell.  .1  nliii,  Mi  iit  T.il  maiiaurr,  Met  nipol  i  t  a ii  K'ailw  ay.  I  aii;laiMl                 ...  IT) 

Hctlifll.  ill  \  f  II I  111-  ol' t  if  |»ics(Mviii'4  process   L'li") 

lUrkiiiliiiif.  .lolm.  riiit«'<l  States,  rciiiarl^s  on  lies   \'2'J 

Hissell.  1 1..  eliief  eiiuiiieer.  Hosloii  and  M:!ine  K'ail\va>.  l  ulled  Slat.  s  'JdJ 

Hixhy .  ( 'a])l  ain.  report  on  tie  preNciN  a  t  ion.  I  'n  1 1  ed  States   !'•_'(  i,  -^S'J 

lUacksl  one.  di\i,Nion    engineer.   I  Mi  i  la  ihd  pli  ia    and    K'eadiiiv;'  Jvaihoad. 

I'nii.-d  Mates   i:;;; 

r.oelmie.  1  >r.,  tests  ol"  t  iiiil»er  1   L'L'7 

|!oii/ano.  M.  v.,  superintendent.  l'liilad(di»hia   and    K'eadini;  l»*ailroad, 

I  nit(Ml  States  

IJouchcrio.  iinenlor  of  tic-preservini^  process   'jy,) 

noiiisson.  eii^i  iieei .  \V(>st(>ru  l\ail\v;iy,  l-'rancc   _!.''>.  2(1 

r.oultoii.  S.  I'...  en  osot  ini;-  expert,  Kn>^lau(l   L'TH 

liraekeii liniy.  t'oloiK  1.  ijeneral  manager,  Ondli  and  Ivoliilknnd  Jiailway, 

India   101 

r)ri(d<a.  eliief  engineer,  I'^reueli  State  railways   IT,  20,  153,  KJS,  177,  I7!» 

(WdiMiLCer.  enginoor,  Capo  Governiiiont  Railways,  Sontli  .Vt'ri(<a   71 

Hrown.  engineer.  Cape  Covernnient  KaiUvays,  South  Africa   7!! 

Hruco.  Sir  0.  B., 'consulting  engineer,  South  Indian  Railway   102 

nriiee.  W.  1)..  consulting  engineer,  Delhi,  Ilniballa  and  K'alka  K'ailway, 

India   DO 

Buck,  L.  L.,  civil  engineer.  United  States   209 

Bull.  C.  A.,  chief  engineer,  Burma  State  Railways   DO,  99 

Burton,  T.,  Daniels  Steel  Tie  Company,  United  States   138 

Byrne.  .Tulian.  .secretary,  Madras  Railway   1)8 

Canlaurel,  civil  engineer,  France   loG,  llll,  ISG 

Caramin.  .1.  B..  I^elgium   30 

Card.  .J.  T.,  wood-preserving  works,  United  States   272 

Carter,  II.  R.  P.,  chief  engineer,  Madras  Railway    98 

Chalfee,  R.  M.,  president,  Union  Street  Railway   269 

Chanute,  O.,  civil  engineer,  tie  preserving   238,  272 

Chappee,  manufacturer,  France   2.") 

Cholet,  manager,  Algerian  Railways   70 

Clarke,  .J.  W.,  roadmaster.  Chicago  and  Western  Indiana  Railway   12(5 

Clarke,  T,  C,  civil  engineer.  United  States   51, 157,  158 

Cole,  W.  H.,  civil  engineer.  India   9<),  1S2,  190 

Constable,  II.,  report  on  tie  preservation.  United  States   257.  270 

Cotterill,  engineer  of  railways,  Egypt   00 

Crosbie-Dawson,  G.  .1.,  chief  engineer.  North  Staffordshire  Railway.  I>iig- 

land  ^ .  10 

Cuenod,  engineer,  .lura-Simplon  Railway,  Switzerland    00 

De  Busschere,  L.,  engineer,  Belgian  State  Railways   31,  01 

Denham,  civil  engineer,  India   90,  105 

l^ggleston,  O.  W.,  assistant  roadmaster.  New  York  Central  Railway   131.  132 

Engel,  F.,  report  on  carbolineum,  Germany   218 

Ensign,  Col.  E.  F.,  forest  commissioner  of  Colorado   272 

Fawcett,  .1.  W.,  division  roadmaster.  Erie  K'ailway   132 

Feldpauche,  A.,  engineer.  Philadelphia,  ^^'ilnlington  and  lialtiniore  Rail- 
way   135 

Feniow.  l\.  I].,  chief  of  forestry  division.  United  States   1 19, 

155, 101,  171,  17(5,  181,  18(5,  191,  199,  219 

Flad,  Henry,  report  on  tie  preservation,  United  States   226,257 

Flamache,  engineer,  P>elgian  State  railways    35 
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Footner,  H.,  engineer,  London  and  Xortliwesteru  l»;iil\v;iy   14 

Fox,  Sir  D. ,  consulting  engineer  , .  102, 112 

Foxlee,  AV.  T.,  chief  engineer,  New  South  Wales  GovernuKMit  i        ays. .  82 

Francis,  J.  B.,  civil  engineer,  United  States,  on  tie  preservation   I'l  1,  215,  266 

Funk,  privy  counselor,  German  railways   280 

Garrett,  A.  J.,  secretary,  Great  Indian  Peninsular  Kailwav   95 

Gonzalez,  A.  J.,  engineer,  (^uebrada  Company,  Veue/.uela   114 

Gottlieb,  A.,  civil  engineer,  I'nited  States   139 

Gregory,  Sir  C.  II.,  consulting  engineer   107 

(iuuning,  E.  T.,  general  manager.  Miuas  and  Kio  h'ailway,  Ura/.il   112,113 

llaarniauii,  A.,  Germany   48,  209 

Ilagcn,  inventor  of  zinc-gypsum  process     272 

llain.  Col.  F.,  general  numager,  Elevated  Kailway,  Xew  York   243 

Hall.  1^..  chief  engineer  and  manager.  Central  Dominican  Kaihvay   121 

Hammond,  C.  P.,  superintriidcnt,  Pichmond  and  Danville  K'aihvay   139 

Handy.  At,  chief  cugiMcer,  Eak(!  Sliorc  and  ^^chigan  Southern  h'ailway  128 
Hargrave,  11.  .1.  P.,  chief  engineer,  Pouibay,  liarodaaud  Central  India 

Kailway,  India   89,94 

llassell,  L.,  engineer,  C^ueenslaml  Ivaihvnys   81 

lleiudl,  Franz,  engineer,  Austria  *.               13,  17,  52, 56 

Hippee,  G.  P.,  general  manager,  Dcs  Moines  City  h'.iilway   200 

HolH  uegger.  engineer.  Northwestern  Kail wa>  .  A iist  ri.i    54 

Holbein,  manager,  Kuetg«,'r's  PicscrN  ing  Works,  (u-rmany   2iS6,  289,  291 

llolgat<'.  civil  engineer,  Cana<la   252 

Huntington,  C.  P.,  Southern  Pacilic  K'ailway   123,212 

Izat,  chief  engineer,  Pengal  and  Norlhwestern  K'ailway   89 

James,  .1.  W.,  civil  engineer,  Australia   224 

.lanssen,  engineer,  ISelgian  State  railways   32,53 

•lones.  .J.  W.,  assistant  engineer,  East  Indian  h'ailway   92 

.lungbecker,  engineer,  Peig  and  Marche  K'ailway   207 

KallV,  engim  er.  Netlu'rlands  State  Kailway   30,181 

Katte.  Walter,  chief  engineer,  New  York  Central  K'ailway   130,131 

Kt  nne\.  11.  1'..  general  superintendent.  Pliila(l(  l|tliia.  Wilminnton  and 

Paltimore  Kailway   135 

Kolbe,  II.  D.,  Germany,  rei>ort  on  ziiw  jiroccss   289 

Kowalski,  engineer,  Algerian  railways   69,145,188 

Kruttschnitt,  J.,  general  manager,  Southern  Pacilic  h'ailway   227,231,235 

Kuntzo,  A.,  engineer.  Sumatr.i  Kailway   109 

Langley,  A.,  engineer.  Midland  Kailway,  4^ngland   15 

LavioUette.  direct()r,  Charleroi  K'ailway,  Belgium   37 

Ee  Brim,  K.,  engineer,  Puerto  Kico  Kailway   121 

Le  Mesurier,  T.  II..  agent,  South  Indian  K'ailway   102 

List,  G.  II.,  chief  engineer.  Northwestern  Kailway,  Indra   100 

Eivesey,  .James,  civil  engineer   1(51,200 

Logan,  chief  engineer,  South  Indian  Kailway   102 

McConnico,  S.  I).,  managing  director,  Cartagena  and  Magdabna  K'ailway, 

Colombia   118 

McDonald,  J.  A.,  chief  engineer,  Midland  Kailway,  England   15 

Maitland,  C,  manager,  Sungei-Ujong  Railway,  Farther  1  ndia   I(i7 

Mayer,  engineer.  Western  and  Simplon  Kailway,  Switzerland   60 

Meyer,  Gustavo,  engineer,  Prussian  State  Kail  ways   190 

Michel,  engineer,  Paris,  Lyons  and  Mediterranean  Kailway     19 

Mitchell,  A.  D.,  agent,  Quebrada  Company,  Venezuela   114 

Moleswortb,  Sir  G.,  civil  engineer,  India   313 
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N;iliii'S  iiM'iitiniitd— CoiitiiiiUMl.  I'.-iyt!. 

.MoiicicilV.  A.  r...  I  liicrt'iiLjiiMti ,  ><)iii  li  Aiisti.-iliaii  ( ■ovci  iiiiuiil  r.i  i  1  v.  .ivh.  KJ,  H4 

Moor*',  ( i.  1'.,  coiisull  iiiL;  ciiuiiirt  r.  India   S'.t, 

Moidt'cai.  A.,  cliiflCnuiiKM  1.  V.xw  K'ailway   l.lL' 

Moll  is,  .J.  W'.,  ucueral  roadiiiasl cr.  V.x'xv:  K'ailidad  

Morton,  '  Ion.  .1.  S.,  riiited  States  Socrotar\  of  A^i  icnlt  urc   :> 

Moylc.  (u-oruf,  (M\  il  oni^inocr.  India  

Noatr.  ( "Iiarlcs.  ciNil  rn,i;intM-r   Ill',  li;; 

NichoN,  1 1.       cliiet't'Mi^inct'r.  lMiila(k'lidii;i  and  lit  adini^  K'ailway   !:!;> 

Notman,  II.  W  .,  srcrt'tar.N  ,  South  Indian  liailway   \\yl 

OUiauM  ii,  .1 .  II..  m'licral  ,sn peri ntiMu lent ,  ( 't  ni  ral  New  .Jersey  K'a i  1  \\  ay . .  .  'I'.W 

I'caret',  W.  T..  L^cnt  i  a  1  niauagor,  Ceylon  ( iovcrniiicnt  Ka  ilway   107 

riiillips.  (ieoruc  cix  il  cni^iiicer,  (i>ueen.sland   77 

I'oindron.  nianaucr.  Seni'ual  Kailw  ay   71 

Tost.  ,1.  W'.,  ciN  il  «-n<:;ineer  -..  ;il,-!r)5 

I'onlet.  cnuiincr.  Ar!j;eiitlno  Santa  l"e  K'ailw  ay    22S 

rutnam..!.  W ..  creosotinn- contractor  .-   ll!t.2()() 

Keasonrr.  A..  .snix-rintcTident.  I>(da\var(',  Lackawanna  and  Western  K'ail- 
way  128 

Kueco.  Henjainin,  civil  engineer.  I'nited  States   220 

Kennick,  T.,  chief  enijjineer,  \'ictoria  floverninent  K'ailw  ay  

Rich,  W.  W.,  chief  en,u;ineer,  Minnesota.  Saint  Taul  and  Sault  Stc.  Marie 

Railway,  United  States   218 

Ko^Ttsou.  F.  IC  chief  engineer,  East  Indian  K'ailway   91 

Knctgeis,  Gnido,  (ierniany,  wood  preserving   2N(),  2U0 

Sandherg,  C.  P.,  civil  engineer                                                            181,  190,  255 

Sclioen.  C.  S.,  mauufactnrer.  Ignited  States   172 

Shelford,  W.,  civil  engineer,  England   107 

Sinch'.ir.  Capo  Government  railways,  Sonth  Alrica   73 

Smith.  W.  A.,  general  manager,  Puerto  Cahello  and  \  al«'ncia  K'ailway, 

Venezuela   118 

Stanley,  II.  C.  chief  engineer.  Queensland  ( ioveninieiit  railways   80 

Sullivan,  P.  F.,  general  manager,  Lowell  Street  Railway   216 

Swift,  A.  J.,  chief  engineer,  Delaware  and  Hudson  Railway   127 

Thilmany,  inventor  of  tie-preserving  process   271 

Thonuis.  L.  L..  roadmaster.  International  and  (ireat  Northern  Railway, 

United  States  \.  128 

Timonoff,  V.  E..  civil  engineer.  Russia   64 

Tomlinson,  E.  C.  superiut«'ndeut,  Philadelphia  and  K'eadiiig  Railway...  131 

Tratman,  E.  E.  R.,  civil  engineer.  United  States   159,  292 

Vietor,  A.,  civil  engineer,  (iermany   IS,  19,  50 

Walton,  F.  T.  G.,  chief  engineer,  Oudh  and  Rohilkund  K'ail  way,  Ind  ia  . . .  101 

Webb.  F.  W,,  chief  engineer,  London  and  Northwestern  Railway   II 

\V(dlhouse,  inventor  of  tie-i)reserving  process   271 

W«dlington,  A.  M..  civil  engineer.  United  States   120.  21(i 

NN'ilson,  John,  chief  engineer,  Great  Eastern  Railway,  l-ngland   11 

Wood.  Charles,  civil  engineer.  England   2o:{ 

Wrench.  .J.  M..  chief  enginetT.  Indian  Midland  K'ailway   9() 

Wynne.  T.  R..  chief  engineer,  Bengal  and  Nagpur  K'ailway   87 

Y/erman,  J.  W.,  engineer,  Sumatra  Railway   lti'.».  1 10 

Noise  on  metal  and  wooden  ties  . .  23.  34,  44,  46.  47.  80.  84,  100.  101,  107. 15l,  157.  171.  178 

O. 


Objections  to  metal  longitudinals   155, 158,  159 

Objections  to  iiM'tal  tics  (sre<ils(,  IJeports,  nnl'avorahU;)  21,73,74,78,80,86,157,312 
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P. 

Paint.    (See  Preservatives.)  Page. 

Patents,  ■iu])ractical   154 

Kiln  for  seasoning   228 

I'ortable  tie-preserving  plant   228 

Practieal  improvements  in   154 

Metal  longitndinals   150,311 

Metal  track.  United  States,  list  (sec  SnpiiIeiiuMitarf  index)   124,292,311 

Notes  on   124,  125, 136 

Kail  lasteniugs   311 

Treating  timher   228 

I ^setul  and  other  w  i se   124 

Paving  street-railway  track   135,  200 

Wood,  i)reserved   232,247,271 

Percentages  of  track  with  inrtal  tics   1,  115,  147 

Piles,  ereosoted   11!),  2(55 

.larrah,  protection  against  teredo   4 

Protecting  cnt  heads   248 

Treated,  durability   276 

Zinc-chloride  ticatnuMit   2(58 

Pioneer  railways   (id,  7(),  77,  so,  S2,  1!)7 

Australia,  needed   78,80 

Cost  |i«'r  mile   7C 

Metal  or  wood  tics   Otl,  107 

I'lanking,  treated   217 

Plantation  railways   120,201 

I'oital.lc  railways   110,201,311 

Pol  .ties.    {S,v  Mct.ii  ti.-s. ) 

Preservation  ol  linilM  i.  report  on   277 

Plu-:sKi{\  ATi\  i:s  i  (»u  \\  (>(»i>,  :inl  i-tcmiito   221 

liarium   271 

Carbolic   2«8 

Carl)olin«'um   224,  218 

Copper  sulphate   200 

Copper  and  barium   271 

Corrosive  sublimate   206 

Creosote,  <lead  oil   220,204 

Penetration  of   231 

Specifications   220,  231 

Wood  oil   220,282 

Fernoline   247 

Finch   247 

I'ireproof   283 

Ferryboats,  etc     218 

For  wet  timl)er,  earl)oliiieum    248 

Glue   204 

Leaching  out  of  ties   23(1,  270,  278,  200 

Lime  sulphate   204 

Mercury  bichloride   204,260 

Metallic  salts,  soluble   270 

Paint   210 

Penetration  into  t  imber   220, 234,  278 

Resin   248 

Soluble,  protection  of  '  270 

Spirittine   247 

Tanuiu     240,261 
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IMcKSKKN  A  1 1  \  i:s  M»i;  \\  «>(H>.  ;ml  i-ti-niiili — I'oiil  iinu-il. 

Tauuiii,  li.  iiil.M  U  l.ai  Iv   I'lO 

'l\ir   2  IS 

\  itriol.    (>V»  CopptT  sulpha  tr. ) 

\V(H.(l  i-riMisotr   L'L'll,  L'M', 

/ine-chloi  i.l.-   U:;  1.1^:5);.  2(18 

Ziiir  and  liariiim   271 

l*Ki:sKi:\- A  1 1  \  i;  ri;<)i  i:s>i;s        (//.so  W'odiK-ii  t  ies)    LM'_'.  22(!,  2S() 

lU-tlirl   -liC^.Ti-l 

lUytli,  i  Tcosot  iuu   1!» 

Uoiiclu'ri.'   71.  L'L'i;.  21  1.  2:>!».  2(i!i.  270.  27.%,  27N.  2:i| 

r>inii'liei-ic,  rlVoct  on  .spiki'.s  and  rail.s   27i) 

I'.uniottizin"?   2:!S,  21 1.  212,  21  1.  2(il,  2(;.s.  l'7s.  21)  1 

('Iiairiii<;   2Sl 

(. 'oppcr  and  l»ari iiiii   21(j 

Copper  sulphate.     ^  .Vc  I'xmk  herie. ) 
Con <)si\ »' siihliiiuite.    (><<;  K \  aiii/.iiii;.) 

Creosotin.u    !t2,  1 1!»,  2(;:;,  2(r),  273,  278 

lii'lj^iiiiM   o5 

Cape  Colony   74,225 

Cost   2G(j 

l)escri[)tioii   228 

Franco    2(16 

(iaiii^iuu-  (luantity  ol"  oil   232 

Germany   228,290 

Natal   71.75,225 

New  Zealand    225,  234 

Pavin--  Idocks.  ("nited  States   232 

i'ile.s  and  tiniher   Ill),  228 

Sot"tenin<.(  ties   232 

Strength  of  timber   227 

United  States   228,231 

Creosoting  and  zinc.    (.Sec  Zinc-creo.sote. ) 

Gypsum  and  zinc.    (.S'ee  Zinc-f^ypsum. ) 

Kyanizing   I'J!),  241,  2G(),  273,  278,  291 

Mercury-bichlorich-.    (.Ste  Kyani/ing.) 

Tainting   219 

Soda  asii  and  sulphur   228 

Steaming  :   2^33 

Steeping   241,  258,  25!*,  2()(j,  269,  270.  276 

Suction  for  liouclierie   261,266 

Sulphate  of  copper.    {Sac  Boucdierie,) 
Tannin  and  zinc.    (.See  Zinc-tannin.) 

Tar   270 

Thilmany   21(),  270,  271 

Vacuum   231,232,  231.235,  239,  243,  2()1,  264' 

Vulcanizing   92,  119,226,213 

Welhotise   23(5,  237,  239,  271.  27 1 

Zinc   29 

Zinc-barium   24t» 

Ziuc-chloride   2!).  228,  231,  2;;5.  236.  266.  271,  278.  28(5,  289,  291 

Chemical  change   236 

(iermany   286,289 

Hardening  wood   235 

Wet  ballast,  ellVct  of   236 
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Preservative  PROCiiSSES — Continued.  Page, 

Zinc-creosote                                                                   30,  237,  272,  286,  288,  290 

Ziuc-gypsum   237,272 

Ziuc-tanuin                                                                    230,  237,  239,  241,  271,  274 

Preservative  processes,  care  in  operation   226,279 

Cost                                         75, 193,  232,  234,  235,  237,  238,  243,  273, 276,  278,  291 

Discussion  on   276 

Economy  of                                                                                        5,  124,  212 

Experiments  witli   128 

Canning  amount  of  preservative                                                       232,  239,  242 

Hardening  ^vood                                                            232,  235,  238,  244,  246,  268 

Inferior  timbers   212 

Logs   259 

Management  of   277,  279 

Not  hurriedly  used   226 

Patents  on   228 

Paving  blocks   232,271 

Penetration  of  treatiueut   234,263 

Piles                                                                                                228,  265,  266 

Plant  for  dilferent  processes   270 

Portable  plant  for   228 

Pressure  Ibr   213,260 

Prin<  ii)les  of   226,258 

Prussian  State  railways   286 

Ivaihvay  companies'  i)lants   226 

Weport  on   226,  257 

.Suitable  for  timlt.  r   277 

Timber  seasoned   226 

Timber  suitnblc  for   226 

W  iistf  ..f  Iiurrie<l  worlv   243 

Preservative  soil,  iilkalinr.  United  States   212 

Preservative  treatment  lor  metal  ties.    {Sec  Rust  prooling.) 

Preserving  ^vork8.    ( Stc  Wood  ]»reserving  works. ) 

Press,  hydraulic  or  steam,  for  metal  ties.    (See  Maniil.K  I  ure.) 

Prit  es,  economy  of  good   190 

Prices  of  metal  ties.    {Sic  Cost.) 

R. 

Kaek  railways  (Abl  system)- 

liosnia  State,  metal  ties   57 

Hrient/  and  Kotbhorn,  Switzerland,  metal  ties   58 

Central  Dominican,  metal  ties   121 

Eiaenerz-Vordenberg,  Austria,  metal  ties   51 

Monistrol  and  Montserrat,  Spain,  metal  ties   63 

Monte  (Jeneroso,  Switzerland,  metal  ties   61 

Nilgiri,  India,  wooden  ties   106, 197 

Pike's  Peak,  United  States,  wooden  ties   197 

Puerto  Cabello  and  Valencia,  Venezuela,  metal  ties   118 

l.'sui,  .Japan,  metal  ties   110 

Viege-Zcrmatt,  Switzerland,  metal  ties   62 

Wengern-Alp,  Switzerland,  metal  ties   62 

Rack  railways  (Marsh  or  Riggenbach  system). 

Barmen,  Germany,  metal  ties   45 

Mount  Washington,  United  States,  wooden  ties   197 

St.  Gall  &  Gais,  Switzerland,  metal  ties   61 

Sumatra,  metal  ties   109 
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K'ark  lailw  ;ivH.  iii.tal  tu-soii   l."*,  f.l,  .">7.  .".S.  lil.  til',  f,:;.  Ki'.t.  Ho.  lis.  j-Jl.  I'.t? 

\Vei<j;lil  ..f  I  ra.  k   »;i 

Woodt  ii  I  ICS  on   I'M),  111? 

Kails,  Australia     H5 

Hail  and  .  lu-ap  

Harlow   l^<»:i 

llrcakancs  (in  lonuit  ndinals   51 

nnd-c  s.cl  i..n   20:5,  li05 

( 'iinipiMind.  Har^ion  

llaai  niann   Hi,  Is.  lit,  l^OO 

Kostlin  and  Uatti,-;   10 

tNchcllli  r   10 

Corrosiou  on  wood   71.  !'."»,  270 

('n't'piii<;- of.    (^'<r  ( ■r»'('j)in,«;.) 

Drnierln',  street,  railway     203 

Dimido-hcadcd   1 1.  20,  Ki,  j)2,  iio,  iMi,  100,  i:;:;,  177,  'M  \ 

M.  lal  and  w  1  scats  for   !).").!  (1.  :>  1  1 

On  nu-tal  ties   VA,  1 1,  20,  2!],  2 1,  177 

Tnited  .States   1:J3 

Douhle-headed  and  T   86,41 

Eeceutric-head,  Vietor   50 

KlVect  on  inaintenauct!   49 

Felt  pada  ami  tie  plates  nndcr   1.").  IS,  90,  178,  179 

Klaii-^eless  T   113,298 

Girder   3il,  KiO,  10!) 

Haarnianu   39,  10, -18,  19,  206 

llartwicli   204 

Heavy   33,  19,59,  151,187 

luward  inclination   255 

Large,  rolling   201,  250 

Light,  on  metal  longitndinals   .5.5,  150,  158,  163 

Light,  on  metal  ties   181 

Old,  lor  strnctures   225 

Old,  for  ties   17.  37.  1.37.  1.3s.  I'ls.  200,  225 

Old,  for  ties,  Ignited  .states   225 

Tear-shaped   52 

Trices  too  low   189 

Keuewahlc  head   201,  206 

Saddle   200,203 

SandOcrg.  lOI-ponnd   33.35.256 

Self-bearing   48,  49,  .50 

Uarlow   203 

llaarniann   100,  200 

llartwi(li   204 

Street  r.iil way   1!)9 

IJroca.  Paris   27 

Deinerbc   200 

I'nited  States   130,  1!)9.  311 

T  on  metal  ties   109,  1 13,  177 

Tie  plates  wit  li   24i),  2.50,  2.52,  253 

Wave  motion   40.  156,  133 

Wear  on  metal  ties   127.  181 

Wide  base  ;   103.201,256 

AVithont  ties   27,  39,  40, 46,  48,  49.  50.  1(50,  200,  203,  204,  206 

Wooden  cnshious  nuder   95,96 
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Eiiil  joints                                             108.  115.  ll'0, 126, 127,  129. 130.  130,  157,  158,  254 

Bad  and  good,  on  niotal  ties                                                                  32,  129,  106 

Clamp  r.  splice  bar   129 

Keyed   45 

On  metal  longitudinals    181,  205 

Ou  metal  ties,  patents   311 

Scailed   49 

Special  ties   130 

Tie  plates  under   252.  253 

Wheeler,  street  railway   130 

Jail  renewals  on  metal  ties   173 

lail  renewals  and  tie  renewals                                                               220.  222,  223 

\ail  seats  on  cast-iron  pots   314 

vail  tongs,  tracklaying   89 

\AILWAYS  :  AlViea   00 

Alexandria  and  Cairo   (JO 

Algerian                                                                                            08.  1N8,  207 

IJeira   70 

lione-CJuelnia   09 

Capo  C«»verniiient   73 

Dakar-St.  Lonis  (Senegal )   71 

Delagoa  Hay  and  JCast  AtVicaii    75 

Dutch  South  African  (Transvaal  I   31,75 

East  Algerian   70 

Egyptian  '.   (i(J,  08,  73 

French  Algerian   70 

Kayes- Hafoulahl  ( Souilan )   71 

Kongo   38,72 

Loando  and  Aml>aca   72 

Massana-S:ihati   00 

Mombasa   70 

Natal   75 

Kcnnio]!   00 

Selati  (Northern )    75 

Transalrican   72 

West  Algerian   70 

K'ailways:  Asia — 

Ceylon  Government   107 

China,  Port  Artliur   110 

China,  Tongking  and  Tientsin   225 

India.    (-S'tx- India. ) 

India,  Farther,  Snngei- 1  jong   107 

Japan,  Tsui   110 

Java   no 

Straits  Settb-meuts   107 

Sumatra   31,  109 

Tonkin.  Ha-Noi   110 

Turkey,  Ismid  ;.nd  Angora     05 

Kailways:  Australasia   224,225 

New  South  Wales  Government   83 

New  Zealand  Government   225,234 

Nornianton  and  Croydon   77 

Queensland  Government   ''7,  78, 177 

Palmerston  and  Pine  Creek   81 

South  Austr.-ilia  G<)v<  rnment   83 

Victoria  Government   85 
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i  1  w;i y-^ :  (';ui;uli.in     15!{,252 

Railways :  lluit>]u' — 

Austria— A>issi<^  ami   Tt-plii/   'A 

Austrian  Stalt'   r.1.  YM^lOW 

Kinpoior  1  "i  rtliiiantrs  Norilicni   52.  I7r» 

Northwt  sterii   .".1.  1.").  ir>!t,  KiO,  liiC,  I'd."..  2.". I 

Soiit  lioni   ■").") 

nel«xiiun— r.el,iiiaii  Slat.-     :'.2,  l.".?,  ISS.  2r)l 

Charlcroi  I-n.  ;il   Wl,  UW 

Cival  C  nlral   -G,  1S8,2((; 

N. .nil. Til    %\ 

'I'av i.  i'.s  and  lanl»i-.  sin   ■'!<) 

liosiiia  ll<  r/t'u.)\  ilia  ."   r»7 

l)(Miiiiai  k.  l)aiii>li  Stale   (i^J 

Kuglaiid — r.ristoi  aii.l  l",\.  t.'r   20a 

rnniess   256 

Groat  Kastcni   11.206,225 

Great  Northern  i  Ireland)  '   220,  2!^ 

Great  Western   203 

Laneasliire  and  ^'orl^sliiic   229 

London  and  Xortliwestern    11,22!> 

London,  liriuliton  and  South  Coast   225 

Metropolitan    15 

Midland   15 

Northeastern   If>.  170,  20S 

North  St  a  rtord  shire   16 

Fi  aiKc  17.  223,254 

Ant/.iu  Mines   27 

Helt,  Paris   17 

Eastern   18,  31, 173.  179.  231,  250 

Nortliern   H),  207,  23t 

Paris  Belt   17 

Paris  Street   27 

Paris,  Lyons  and  Mediterranean   19,  188.  207,  208 

State   20,  168,  173, 177,  188 

Tours  and  ^'onvray   27 

Western   25.  177, 179,206 

fieiniany   10.  155 

Alsace-Lorraine   43, 157,  186,  204,  205,  207,  209 

Kaden  State   43,  44,  157,  173, 177, 178,  208,  2(57 

Parinen  Mountain   45 

Havarian    46.201 

Herg-Mark   1 1.  1  Si,  207 

Lerliu  City   157.  l(i2 

P>reinerhaven   16 

Brunswiek    ISI.  186 

Hanover   268,269 

IIe.sse-Louis   15,158,208 

Leipzirr- Dresden   289 

Ma  in -Neck  a  r   207 

Prussian  Stat."   17.  157.  172.  173.  1S5.  205.  L'07.  208,  255.  286 

Rhenissh   208 

Stadtl.alm.  11.  rlin  ,   157.  162 

Wurteinlxri;   207 

Greece,  l)iaco})hto-Kalavryta   65 
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Holhmd,  Hollaud   29,  207 

Netherlands  State   29. 177. 185, 190, 198,  255 

Portugal,  Minlio  and  Douro   63 

Royal  Portuguese   G3 

South  and  Southeast   63 

Russia,  Donetz   61 

Koursk-Kieflf   61 

Moscow  Koursk   6 1 

Orel- Vitebsk   61 

Ri  isan  Onr.ilsk   64 

Si>ain,  Monistrol  and  Montserrat   63 

Switzerland.  P.rieutz  and  Pothlioru   58 

Gotthard   5S,  172. 19G,  208 

Jura  8inii)lou   (JO.  183. 188,  208 

Monte  (ieneroso   61 

Northeastern   208 

St.  Gall  and  (iais   61 

Stanzerhorn   62 

Viege-Zennatt   62 

Wengern-A  Ip   62 

Turkey,  Salonic  a  and  (  onstantin'.j.lr   65 

Railways :  India   86, 196 

Aonla  and  liudaon   87 

Aniraoti   87 

Assam  IJengal    106 

liengal  and  Nag|.ur   87,  312 

•  I'engal  and  N»>rtl» western   S9.  106 

r.rngal  Central    106 

Bengali  )ooars   106 

I?»'ngal  Provincial   86,87 

Bezwada  Extension   89 

Hhavnagar-Porhandar   89 

P.ina  (J una   89 

Bombay,  P.aroda  and  Central  India   89,313 

Bunna  State   90 

Calentta  Port   87 

Calcutt.i  and  Madras   91 

Ceylon   107 

Cherra  Conipanygan  j   87 

Cooeh  Behars   106 

Delhi,  Pmhalla  and  Kalka   90 

Dhond  Manniad   87 

Eastern  P.engal   93,312,313 

East  Coast   !tl.  102.  173.  312 

East  Indian   90.91.313 

Eroutier   99 

Gackwars   94 

Godhra  Rutlam   90,  94 

Great  Iinlian  Peninsular  86,95,178 

Hyderabad  Eniarkot   106 

Indian  Midland   X('k  96, 178,  313 

Indian  Slate   87.97,255 

Jammu  and  Kashni ir   97 

Jetalsar  Ra jkot   07 
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Jiailways:  India — (  Oiii  iimumI.  Vaffc 

Jodlipol'o  IWt  kaiifcr   Its 

.lorhat   ST 

Kliain;,M()n   S7 

Kolliaimr   lis 

I.iickiiow   K'ac  r.an  li  

Madras   ST.  !IS.  :;i:> 

Ma\  a\  araiii  MiK  nin't   KKi 

M..i\i   ST 

Mil  \'all("y   ;is 

Mii>likaf- liolaii    !»!» 

:\Iys.nv  ( ioldli.-Ids   !»!» 

Naiiiaii   it:; 

Xoll(.r(>   \^)•^ 

Nilj^iri   Kk; 

Ni/aiu's   <)!»,  :n2 

Nortliw  .  stern                                                                               W,  17:!,  1SL>.  :U2.  IrJKi 

Oudh  and  K'oli i Ik iind    101,318 

Pondicliery   102 

Kajporo  I?liaf  iiida   10(5 

Kohilkund  and  l\  iini.ion   106 

Sind-Pisliin   99 

Sind-Sa«jfar   99 

South  Indian                                                                                S7,  H12,  818 

Sonthorn  Maliratta   ST.  101.  1S9,  224,  812 

^'illupu^aIn  Dliarnia\ aiani      103 

Kailways.  Mexico.  Intcroceanic   122 

Mexican   122 

Mexican  Internat  ional    122 

Mexican  Sontlicru    122 

KaihvavR,  South  America: 

Ar<jentino  liepuhlic,  Argentine  Santa  F(i   223 

Central  Argentine   112 

llrazil :  Central   112 

Condo  d'Ku   112 

Dom  Pedro  II   112 

Donna  Theresa  Christina   112 

(Jreat  Western   112 

Minas  and  Rio   112.  118 

Piiiilista   118 

C()l()iiilti;i  :  C;irl;i^cii;i  and  Magdalena   IIS 

\'ene/,iiela  :  I5an|  ii  isemeto  (Soutliw  estcrn)                                             11  I.  ll.").  1T8 

liolivar   U:^,  178 

Caracas  and  N'aiencia   117 

(ireat  Venezuelan   117 

La  Guayra  and  Caracas   118 

Puerto  Cahelld  and  San  I'elipe   114 

Puerto  Cal.ello  and  \  aiencia   118 

(^uehrada   11  I.  115 

Railways:  rnite(l  States- 
Alabama  Midland   21() 

Allegheny  Valley                                                                        215,  210,  219,  222 

Atchison.  Topeka  and  S;nita  Fe   120.  1:;T,  21T.  222.  228,  285,  287,  2:;s.  20S.  272 

Atlantic  mid  North  (  niolina    288 

Baltimore  and  Ohio   216 
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Boston  and  Maine   21 G.  244,  266 

Burlington,  Cedar  Kapids  aud  yortliern   216 

Chattanooga  and  Lookout  Mountain   126 

Chicago  and  Alton    216 

Chicago  and  North  western   2l(i.  21!».  221.  223,  235,  238 

Chicago  and  Western  Indiana   126. 128. 142 

Chicago,  Burlington  and  Quincy   216 

Chicago,  Milwaukee  and  St.  Paul   223 

Chicago,  Kock  Ishmd  and  racilu-   23.'>.  238.  260 

Chicago,  Santa  Fo  and  Calilornia   126, 137 

Central  of  New  .Jersey   21;").  21().  219.  233,  265 

Central  Pa ci lie   212 

Cleveland,  Cincinnati.  Cliicago  :in<l  St.  Louis   216,219.222 

Delaware  and  ILid.sou   127.  ISt,  216 

Delaware,  Lackawanna  and  Western     128, 141 

Denver  and  Rio  Grande   128,  216 

Eastern   266,267 

Flint  and  Pere  Marquette   216 

Houston  and  Texas  Central   227 

Illinois  Central   219 

International  and  Great  Northein   128,142 

Lake  Shore  and  Michigan  Southern   12S,  216.  222,  223 

Lehigh  Valley   216 

Long  Island   129, 142 

Louisville  and  Nashville   1 19.  159.  216.  21!i.  221,  223 

Lowell  aud  Suhurhan     246 

Michigan  Central   216,223 

Minueai»()lis,  St.  Paul  and  Sanlt  Saintc  Marie   215,216 

Missouri,  Kansas  and  Texas   215.  216,  219 

Nashville,  Chattanooga  and  St.  Louis   216.219,221 

New  Orleans  and  Mohile   266 

New  Orleans  and  Northeastern   266 

New  York  Central   121.  li"9.  i:i(>.  110.  1 12,  172.  175, 179,  219 

New  York  Elevated   243,  250 

New  York  and  New  England   267 

New  York,  Lake  Erie  and  Western   i:{2.  IIJS,  246,  268 

New  York,  Pennsylvania  ajid  <  >hio   246 

Northern  Pacific   223 

Old  Colony   265 

Pennsylvania   124.  125, 132.  i:;:;.  1 12.  1 19.  1.59.  179,  216,  254 

I'hiladelidiia  and  Baltimore  Central   134, 136 

Philadel])hia  and  Reading   133.  1.36.  111.  142,  22.3,  267 

Philadelidiia,  Wilmington  and  Baltimore   1.34,136 

Pitt.shurg  and  Lake  Erie   219 

Pittsburg,  Cincinnati.  Cliicago  and  St.  Louis   252 

Richmond  and  Danville   135. 139,  223 

Sacramento  and  Placerville   212 

Southern.    (-See  Richmond  and  Danville.) 

Southern  Pacific   212,  214,  227,  231,  23.5,  2.53 

Terre  Haute  Street   135 

Union  Pacific   215.  216.  2H».  233.  2.35.  237.  23S,  239.  272 

Railways:  West  Indies— 

Cul.a   119 

Jamaica   120 
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TiUilways:  West  Iiuli(\-^ — ( 'out  iinifd.  ra-:. 

Martmiiiiif  (  Ai;i  n  ull         I   1-" 

TiuMto  Rico   1^0 

8an  DimiiiiLTo  I  ( 't'lit  I  al  1  )i)iiiin  ic.m  >   1-*' 

Railways,  colonial,  iiiit'.-onomicMl  (  oii^-t  i  net  ion    7S.  M'.  >!I 

Iinliisl  rial,     i  >»  /  Imlii^trial  i  a  1 1  w      s.  ) 

M:imil",icl  iir«>  of  metal  t  ifs  hy   l"'i'.  I  "'T 

Narrow  i^au;:.'   7»i.  1  li>.  I  VI.  1  17.  12(i 

Kailway  rotnpaiiics  and  track   1'>1,  1''- 

Kailways.    (N(C  a/so  I-ii^lit,  I'ionci'r,  K'ack,  and  Slr<'c(.  rail\\ays.) 

Kainlall.  licaN  y   7S,  SO,  Sl? 

K'ccords.  ini])ort  anc(>  of   !!••> 

Maintenance   5!! 

Metal  ti.-s   r,i), s;;.  113.  \::\,  iso 

An>tiian  Stat(>  railways   5S 

rx'luian  State  railways   32 

1  ■rrncli  St  ate  rail  w  ays   2(» 

Netherlands  Stat lailways   81 

rnit'orniitN  of   1>^8 

Metal  and  Avooden  ties   59 

RtMiniroineiit.a  of   1J^6 

Rel ay insj:  track,  India   88 

Renewals.    (<See  Rail  renewals,  alxo  Tic  renewals.) 

Renewals  of  loiigitndinal.s    l")? 

Repair  ties,  extra.s   117 

Reports  on  metal  lon.<;itndinals   t:;.  51 

Reports  on  metal  ties,  favoral.le .  19.  21,  22,  24,  13,  16,  17,  51,  52,  5 1,  55,  70,  71,  71,79,  80,  84, 

100, 102, 103,  108, 113, 12(1.  128,  130,  131, 134,  152,  312 

l  iila  vora))le   14.  15, 19,  32,  34,  43,  81, 100, 115,  120,  127,  129,  134,  135, 152,  312 

Roads,  macadandzed,  traid;-;  on   200 

Roadl.ed   117.  120,  121.  128.  130,  157 

Cross  section  (see.  a  ho  Uallast)   12;s 

I'usnited  for  metal  track   128 

Roadmasters' Association, rejtort  on  tics   217 

Rollinj;  steel  ties   1G9,  170 

RollinjLT  .stock,  wear  of,  on  midal  tics   21,  3d.  (is,  127, 150.  103, 181 

Wear  ol".  on  lonj^itndinals   150 

Rnstinu  of  metal  longitudinals   180 

R'nstini;-  ol"m<;tal  ties  (see  also  Corrosion)   2G 

3S,  41.  17,  5!),      .S3.  81,  103,  109,  12!t,  172,  173,  ISl,  312 

Steel  r.  iron    181 

Tunnels   1 1.  17.  51,5!),  GO,  172,  isi 

Rnst-proolin-  metal  ties   15.09,80,84.  17:'..  ISI 

lOxix'iinients.  (MMinanx'   44 

Oil   80 

Paint   1  1.  133, 173 

Pe<dinL^ott'   84 

Tar   14,  09.  10!»,  135,  13S,  172.  173 

Varnish   108 

S. 

Sap,  effect  of  vnleani/in-    220 

Flow  of  -   217.218,257,201 

Sawing  tics,  planer  saw  for   21S 

Scrap  value  of  m<>tal  tics   00.  lO.").  1.55.  100.  1S9,  lii3, 197,  313 

Metal  tie  plates   Iit3,  251 

Woodeu  ties   193 
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Section  ^augs   24,  72, 100, 108, 121, 127, 184,  187,  188 

France,  metal  and  wooden  track   24 

India   100,101 

Queensland   79,  81 

Section  men,  accustomed  to  metal  ties   154 

Number  on  metal  and  wooden  track   24 

Ordinary,  for  metal  track   183 

Prejudices  of   13, 183 

Skilled   187 

Wages,  Queensland   78,81 

Shimming  track   l'J7,  159, 176, 185,  256 

Side  tracks,  metal  ti.  s  on   84,  132.  154, 155 

Signals,  metal  ties  atlect  cin  niis   124,  129,  130 

Soil,  alkaline,  prt-servativr  lor  tiinlx-r   212 

Black  cotton,  India   89, 184 

Etlect  on  timb.-r  and  ties   215,  216,  238 

Saline,  corronive  etlect   67,  78,  80,  99,  312 

Wet,  for  metal  ties   76,  78,  79,  80,  91 

Speed.    (.*?<>e  Traltic.) 

Spacing  of  metal  ties  ..20,  26,  -10,  45,  47,52,  58,  63,  69,  72,  76,  79,  89,  108,  110,  115, 117 
118,  120,  121,  123, 127, 12!>.  131, 133. 135, 136,  137.  110, 143, 162,  179 

Accurate   121 

Marked  on  rail   120 

Spacing  of  wooden  tirs   .36.  61.  67.  Tit,  s:{,      93, 120.  224,  225 

Sperilications.  creosoti-   229,231 

Metal  ties   79,168 

Treating  ties  {ate  also  Preservative  jjrocesses)   286 

Wooden  ties,  pine   213 

Spikes.    (6'ee  Fastenings. ) 

Station  yards,  metal  ties  in   100, 103, 132, 138, 142 

Statistics.    (See  Records.) 

Steam  tramway,  metal  track   27,  37,  86,  173, 198 

Steel,  basic  for  rails   158 

Jiasic  for  ties   38 

Mrtal  longitudinals,  (|Mality  lor   55 

Metal  ties,  analyses  of   163, 165 

Annealing   171 

Basic   38 

B<'sscm»r   79, 164 

Oilclirist,  Thomas   38,  55, 164 

Manufacture.    (See  Manufad  m  e. ) 

Martin   68,79,164 

New  York  Central  Railway   163 

Quality   14,  15,  '.iS,  53,  59,  60,  63,  68,  73,  79,  130,  1 10, 163,  164, 166, 168, 172 

Strength   164 

I'niform  fjuality  required   164 

Stone-block  traek.  Germany   40,41 

Street  paving   135, 136,  200,  232,  247,  271 

Street  railways.  International  Union   38 

Longitudinal  supports   204 

Metal  ties   27,  37,  15,  89, 110,  lJt9,  200,  204 

United  States   135, 138, 198, 199,  200,  311 

Track  construction   199,  200,  201 

Wooden  ties   199 

Kyanized   246 

Vulcanized   243 
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Sm-niciiij;  mrlal  track    .">.  7S.  s  1 ,  s_'.  li'T.        If)!*.  1S!I 

Switrhi's   :"»."...'.;>.  .sf).  IX),  !)7. '.)«.  KM),  lol.  Ki:.,  117.  i:.s,  •_'17 

M«-t:iI  l..ii-itii.liii.ils  lor   r.'..  I'.tC 

Mt'fal  lir^    ;;7.  51.  :.7.  T)!!.  Kill.  121.       i;:s.  iii',  liic.  l>()i 

\\  (...,l.Mi  I  i.'s  lor    r>!i,  KM.  lor. 

T. 

'lamping   II.  IS,  Mi.  Ids.  Ii:,.  117.  iL't;.  KM 

Mt'tal  loimiliidiiials   I.  i:.7.  IT.S.  L'(M 

Metal  tirs   (V.).  ICl.  17:;.  171.  Isi.  is:, 

Tanks,  1<\  aiu/iiiL;  '   -•>7 

Tan  l.ark.  clicsiiiut  oak   L'l:;.  L'17 

Il.Miilock   210 

Taiim  lies,  tiinlu'r  lor   223 

Tauniii.     [  Si    rrfsiT\  at  ivo8.) 

'l'cl(>-iai.ll  polrs.  steel   (15 

Torctlo  n;i\alis.  dot  ruct  i  \  <>  to  tinilicr   22 1 .  2(1:).  2(iii.  277.  2S2,  285 

To.st.s  of  nu'lal  track,  limited,  v.il iiclcs.s   J25,  1  li» 

Tics.     (Ncf  Metal  ties  and  wooden  ties.) 

Annnal  cliar^»"s   1!K).  lir, 

( 'oini)arati vo  cost.   1!M 

('ojni)onii(l,  metal  and  wood   ]!I8,  19il.  IM  1,  IM!! 

Conrrote   Hll 

I.oniiitudinals  v   KkT)!.  1").") 

Metal  and  wooden  ticK  mixed   18(5 

Stone   40,41 

Tic-preserviii-i  i»lant,  ]»ortable   228- 

Tie-preservin«j  works.    (Sec  Wood-presorving  Avorks.) 

Tic  renewals   18,  103,  101,  105.  li:;.  120.  220 

Calcnlation  of  coat   100 

Metal  ties   59,  02,  03,  96,  173,  176.  187 

Wooden  t  ies   93, 120,  187, 189,  212 

Checks  on   221 

Cost  of   100,220,221 

DiOicnlt  in  tunned    1.30 

Discussion  on   220 

Estimates  for   221 

Franco   21 

India   03,  187 

Ins])ection  for   222 

intellif^ently  ni;ide   187 

Number  per  niih;   225,  228 

Rail  renewals  and   220,  222,  223 

Kccords     lilt;.  197,  238 

deduction  l>y  i)reservin<j^  ties   225.  22S 

K'eplaccd  with  st(  (d   J2.') 

Statistics   211.  220 

'i'l-catcd  tics   23S 

l  iiitcd  States  lailways   223.228.2.38 

Tiehars   37.  51.  so.  105.  lOO.  120,  liw.  15(;.  2():i.  205.  200 

liowl  and  i)late  tics   71.  00.  03 

F.osteniugs  for   95,  98 

Oange   1(5.  51.  156 

Longitudinals   51.204 

On  curves   37 

Potties   86 
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TiK  PLATES   151,212,214,249 

Felt   18, 178, 179,  250 

Metal,  American   251 

Belgian  State  railw  ays   35,  254,  256 

Buckling  of   250,252 

Cbnrchwarcl,  United  States   251 

Columbian,  United  States     254 

Cost  and  scrap  value   193,  251 

Economy  of   5.  6,  124,  219.  250,  252 

Effect  on  gauge   249,  250 

Exjierinients  Avith   128 

Flat,  defects   249,250 

Foreign   254 

French   254 

General  remarks  on   249 

(Joldic,  United  States   251 

Gotthard  Kailway   59 

Grooved   251 

lleindl,  Austria   53 

Hobenegger,  Austria   55,  25t 

llolgate,  Canada   251 

Haarmaun,  Germany   KJ,  18,  175 

India   100,  255 

Joint  ties   252,253 

Traitor  sav»  (l  l>y   252 

On  bridges  .md  ti(>stl.  s   228,252 

•  <  )i.  rurvfs  -   22S.  219,  250 

( )ii  grades   219 

( )n  metal  tics   2{»,  .30,  Itl.  53,  V>7,  08,  70,  71,  110. 139, 

1(12,  1G3,  175,  170,  177,  178,  20(5,  207 

rennsylvania  K*:iilrnad   254 

Posts   30,75,255 

Prussian  Stat».'  mil  ways   255 

Sand  berg   255 

Scrap  value   193,251 

Sei<ll,  Germany   255 

Servis,  United  States   252 

Shoulder,  United  States    2.53 

Size  of   249 

Southern  Pacific  Pail\v:iy   212,253 

Teeth  and  flanges  on   .30,  75,  2.50,  254,  2.55 

Thompson,  I'nitcd  States   254 

Ties  notched  for   254 

Wide  rails  V   250 

Wolhau]»ter,  United  States   251 

Wreushall,  United  States   253 

Rails  and   219,250,252,253 

Rubber   101 

Spring   101.311 

Wood   101, 178,200 

Timber.    (Sec  Wooden  ties.) 

Absorption  of  treated  .nnd  untreated   227 

I'est  for  impregnating   220 

Best  forties    210,219 

Bri dge   1  H»,  22H,  24  4 ,  2 1 9.  205,  200.  278 

Coast  and  inland,  quality   82 
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riiubii— (  on  1 1  Mint  1.  Tii^tv 

Cost  of  lu:ulmi:   L'|(» 

Cnttiiiu  fur  tirs   L'l  I.  I'l".  L'lS.  IT.T,  L'-^.S 

|)r<  ;i\  of   lj:>« 

I  )i'.st  1  ((\ t  tl  l)\   P'ScctS.  Ilisccls.  Ti'lU'iio.  ; 

liiltM  ior.  ;i\  iiilahh-  if  tu  attd    1M2 

l\  \  aiii/»  il.  cxposiirc  tt  st   lMT) 

Mill,  irtattd   lill 

New  Z«-alaiitl   21'.") 

Ivuiijili,  |»irs(  rvati\ ('  pi octs^  for   2r)ll 

.Sap  in   L'lT,  L'ls.  L'l'C.  i':,7,  I'd  I 

Soasoiiiiiu  in  kiln   2'2H 

Soasoni iiLi:  in  water   L'r>'J 

Strength  of  Ircattd  and  mil  rratcd     227 

Tapping  for  turpt  iiliiif   21:! 

Tropical   221 

Weijxht   22:;,  224,225 

Timber  coMscr\  u(  ion,  systiuns  of   211 

Timber  consumption  ;  ties,  bridges,  and  trestles   211 

Ti!nl)er  resources,  ctVeet  of  cull iiii;   215 

India   313 

Source  of  revenue   211 

Tnited  States,  abundant  if  ecoiioiiiized   223 

Destruction  of   (i,  211 

Ivcservation  of   5,211 

Track   85,  130 

Jk-tter  with  treated  wood  ties   212 

Couii)arative  cost,  metal  and  wood  ties   Ilt3,  l!)l 

Description  of   18,  22,  35,  30,  37,  44,  58,  5i»,  01,  02,  03,  08,  74,  79,  83,  85, 

8S,  90,  93,  95,  99,  107,  109, 110, 115,  110,  117, 119,  123,  224 

Disturbance,  evil  ellects   1S9,  220,  220 

Easy  ridiuj^   100 

Economy  of  ^jjood   15!).  ISI,  189,  312 

Economy  of  inipro\  eiiients   151,  152,  KiO 

lOconomy  of  iiermanence   121,  1(S9,  220,  220 

English  standard   13 

German  railways,  tabic  of   41 

riaarmaii's  book  on   209 

Heaving  in  winter.    (Net>  Frost. ) 

Improvements  besides  metal  ti<'S   151,  152,  100 

Indian    92.100 

Metal,  without  ties   39.203 

Tarsimony  in  imj)rovemeuts   151,152 

Prussian  State  railways   255 

Street  railway.    (.Sec  Street  railways.) 

Track  laying,  cost,  metal  ;ind  wooden  ties   '79 

Metal  longitudinals   55,  150 

Metal  ties   (J!t.  .S5.  90.  1()!».  120,  i:;7,  173.  182.  l.so.  I,s7,207 

Eiisy   09 

Faster  than  wooden  ties   134 

Legrand   207 

Templates  for  tie  spacing  .   121 

I'nskilled  labor   38.183,187 

Pioneer  railways   70,78,80 

Twisting  bolts  otV   121.  132 

Unskilled  labor   38,  71,  183, 187 
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Trackmeu.    (5f  a  Section  men,  a /so  Labor.)  Tage. 

Track  work,  ecouomy  of  good   183 

Metal  ties   182, 184 

Saving  by  tie  plates   252 

Tie  renewals.    (-See  Tie  renewals.) 

Traffic  on  metal  ties   18,  10.  21.  22.  20,  20.  30,  36,  51,  52.  55,  50,  6<),  64,  61>, 

70.  72,  83,  85,  04,  06,  08,  105,  107, 100,  115, 117, 228 

Fast,  on  metal  and  wooden  ties   151, 153 

Heavy,  metal  ties  adapted  for   24, 130, 153 

Light,  metal  ties  for   68 

Ou  Avooden  ties.  United  States   215 

Relation  to  life  of  ties   180, 196 

Street  railway   201 

United  States   12(:.  127.  128,  120.  133, 134.  215 

Trains,  number  of   130.  180 

Train  loads   20.  20.  52.  70,  72,  01, 1(»5 

Trestles,  timber  for   211 

Tunnel,  Arlberg,  metal  ties   51 

Gotthard  Jvaihvay    50,60 

AJaintename  and  renewals  in   130, 151 

New  York  Central  Railway   130,  151 

Rust  in  (»ee  also  Rust)   41, 17,  51,  50,  60, 172, 181 

Turpentine,  efl'ect  of  tapjiing  timber   213 

V. 

\'iaduct,  metal  track  floor   130 

\'ulcanizing.    {Sec  I'reservatiN  e  juocesses. ) 

\'ulcanile  blocks  in  metal  ties   Ill,  178 

W. 

Wave  motion  of  rails   16,  1.56, 163 

Wear,  metal  longitudinals   46, 155,  156, 158 

Metal  ties   20,  30,  70,  120,  132, 174,  177,  178, 182 

At  rail  seats   29, 174 

Ou  curves   30 

Rails  on  metal  ties   127.  1^1 

Rolling  stock.    {Sec  Rolling  .stock.) 

Woodeu  ties   215.  2 lit.  220.  223,  232,  235 

Woatber.    (.s'(e  Climate.) 

Weight  of  fastenings   i;t.  21,  23,  59.  iiH,  108,  138 

Metal  longitudinals   204 

Metal  ties   10,  20,  21.  22.  23.  24,  26,  27,  29,  30,  32,  37,  40,  43, 45, 

47,  51.  52,  55.  56,  59,  60,  61,  62,  63,  65.  66.  67,  68,  69,  70,  71,  72,  74,  76.  79, 
93,  94,  96,  98. 102, 108, 109, 110,  111,  112, 120, 121,  122, 126, 127,  12X,  131, 
133, 136,  137,  138,  139, 140,  142,  14.3,  162,  170, 174.  180,  200,  207,  310,  312 

Ertect  of  rolling   170 

List  of   174 

Metal  track   45.  70.  in:».  312 

Track   70 

Wooden  ties   10.  21.  22,  23,  29.  59,  64,  69,  70,  71,  79,  82,  93, 120,  223,  225,  230,  312 

"\\'heels,  breakages   181 

Outside  flanged   140.201 

Wheel  loads   157.  161 

Wheel  tires,  worn,  on  metal  tra(  k   156 

Wood.    {See  also  Timber. ) 

Ash   215 

Beech   257 
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W<Mul — Continued.  ,  I'ano. 

lUrih   245 

1:1  HI   257 

KiKalyptus   221,225 

(HUH   257 

Hemlock    215 

Maplr   215 

Oak   257 

1  'inc   215.  Ij57 

I'oplar   215,257 

SpriK'o   215 

Syt-ariioro   257 

v\  ()0(l.  clH  iiiistrv  of   2i;j 

Ties.    (Net-  \\  <t(>(lfn  tics.) 

WtM«jht  of   257 

Wood  l)lock8  ill  iiu'tal  ties   IS,  12(i.  127.  12S.  12!».  \\\\\,  l.'M,  110,  111,  112.  11.!.  177 

Wood  creosote  oil.    {8cc  rreservatives. ) 

\\  ()od  preservation,  America,  list  of  exi)eriments   2S1 

Wood  preservatives.     {Sic  Preservatives.) 

Wood-preservini;  ])laiit.  eciiupiiieiit  for   270 

rortablc   228,270 

WoOD-l*HE.SERVIN(;  WoKKS: 

Cape  (Joverniuent  railways   73 

London  and  Northwestern  Railway,  England   229 

Natal   75 

New  Zealand   234 

I\uetj^ers',  (Jerniany   286 

United  .States- 
American  Wood  Preservin<^  Company   272 

Atchison,  Topeka  and  8anta  Fc  Kaihvay   238.  211,  208,  272 

Boston  and  Maine  Kaihvay   266 

Carolina  Oil  and  Creosoto-Company   282 

Chicago,  Kock  Island  and  Pacific  Kaihvay   238 

Chicago  Tie  Preserving  Company    238,  272 

Creosotiid  Lumber  and  Construction  Comi)any   282 

Creosoting  works   231,266 

Fernoline  Chemical  Company   247 

Finch  Wood  Preservative  Company   247 

Hansen  and  Smith   247 

Ilaskms  Wood  ^'ul<•all izing  ( 'om]);iny    119.243 

Kyani/.ing    211, 206 

Lehigh  \'allev  C-'reosoting  Company   231 

Louisville  and  Nashville  Kaihvay   119 

Otis  Allen  ^  Co   214,  206 

Putnam   119 

Kicker,  Lee  tfc  Co   232 

Thilmany   271 

Southern  Pacific  Kaihvay   227,231,235 

Fnion  Pacific  Kaihvay   2:58,239,272 

Wcl lhou.se  process   238 

WOODKN  TIES  (not  ])reserved): 

Ash.  Fnited  States   21 1.  279 

Asna,  India   92,313 

Beech.  France   225 

Beech,  Germany   269 

Beech,  United  States   279 
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Wooden  ties  ^uot  pi'eseiveil) — CoutiiuKMl.  Pao^e. 

Btfech,  red,  United  States   214 

Beech,  white,  Vnited  States   214 

Birth,  Uuited  States   214 

Bioodwood,  Queenslaud   77,  75J 

Blue  gum,  Australia   223,225 

Blue  guui.  Natal    75 

Box,  gray,  Australia   85 

Butteruut,  United  States     214 

Catalpa,  South  America   223 

Catalpa,  Uuited  States   214 

Cedar,  Canada   252,253 

Cedar,  Uuited  States   211.  216.  250,  265 

Cedar,  red,  United  Stat*  s   214 

Cedar,  whitr,  I'uited  States   211.  215.216 

Cherry.  United  State.s   214,  215,  210 

Cherry.  Avild.  Uuited  States   216 

Chestnut.  India   106 

Cht  stnut,  Jajiaii   225 

Chestnut,  United  States   214.216 

Chestnut,  white,  Uuited  States   211 

Cottonwood,  Uuited  States   270 

Cypress,  Uuited  States   216 

Cypress,  hlack,  Jamaica   120 

Cypress,  black.  United  States   214 

Deodar.  India   .^;>.  02.  01.  !i7.  1(;6,  107,  313 

i:im.  red.  Uuited  States   214 

Kucalyj»tus,  Algeria   70 

Kucalyptus,  Australia   83,  K3,  224 

Fir   227 

Fir,  Baltic,  England   278 

Fir,  France   225 

Fir,  Germany   260 

Fir,  India   02 

Fir,  United  States   212.215 

Fir,  Oregon,  United  States   210 

Fir,  red.  United  States     212 

Greenheart,  South  America   lis.  223 

Gum,  Australia   85,223 

Gum.  Mue,  Australia   S5.  223,  225 

(ium.  red,  Australia   82.  85,  225 

Gum.  sugar.  Atistralia   224,225 

Gum,  sweet,  United  States   237,  270 

Hackmatack.  United  States  (sie  also  Tamarack  )    214,  215 

Hardwood,  Australia   83,  8.5,  107,  223 

Hardwood.  Brazil   112 

Hardwoo<l.  India   109 

Hemlock.  United  States   103, 1'U,  216.  2.S.5.  2:;7.  244.  265,  269,  279 

Hickory,  United  Stales   214 

Hinoki,  Japan   225 

Ingyin.  India   90 

Ironbark.  Australia   77.  79.  82,  223,  224 

Iroubark.  England   225 

Ironbark.  United  States   224,  225 

Ironbark.  red,  Ausvralla   85 
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tii>i  \  I  II    ^  not  proscrvcd  ) — ( 'ontiniiftl.  Pam  . 

li  nil  w  iioil.  Intlia     ICH> 

Jariali.  AiistraliM    KJ,  sn,  221 

.1  iiiiLili'wnod.  Iiiilia   98 

Kairi.  Australia   22:5,224.225 

Karri,  India   101,224 

Larch.  I'nitiMl  States  (.s<r  alao  Tain. track  )    211,  215 

LiLrnuni-\  ita-.  South  America   22;i 

Locust,  hlack.  l  iiited  States   211 

Locust,  hoiu'v.  I  nited  States   2U; 

Mahojiany,  Santo  l)oiniii;;o   121 

Malu)i;any.  South  America   22!^ 

Maple,  I'uited  States   211.  i'(i!t.  l'Tii 

Mesqiiite.  South  Ann  rica   22!! 

Mes(iuitc.  1  nilcd  States   214 

Messmate   8"> 

Miro,  New  Zealand   234 

Mulherry.  I'liited  States   214 

Nahar.  India  '.   106 

Nargessar,  India -•   106 

Nativis  Brazil   113 

Native,  Ceylon   107 

Native.  C'olomhia,  hardwood    118 

Nativ.-,  Cuha   119 

Native.  New  Zealaml   225,234 

Native,  Santo  Domingo,  hardwood   121 

Native.  South  Africa   73,  75 

Native,  Venezuela   1 15,  1 16,  1  is 

Dak  ^   193 

Oak,  Algeria   69,70 

Oak,  Anstria   52,  67.  70 

Oak.  Belgium   33,  36,  38 

Oak,  Colombia   119 

Oak,  Egypt    67 

Oak,  "  English,''  Irom  Italy    69 

Oak,  France   1<).  21,  22,  23.  225,  266 

Oak,  (  iermany   33,269 

Oak.  India   106 

Oak.  Italy   69 

Oak.  Mexico   122 

( )ak,  Prussia   33 

Oak.  Hussia   64 

Oak.  Senegal   71 

Oak.  South  America   223 

( )ak.  Tunis   70 

Oak.  I'uited  States   33,  131.  215,  216.  22f 

Oak,  black,  I'liited  States   213,279 

Oak.  bnrr,  I  nitcd  States   213,  215,  216.  27!) 

Oak.  chestnut,  Tnited  States   213.216,217 

Oak.  English.  Italy   69 

Oak.  gray.  Tnited  States   279 

Oak.  sour,  Fnited  States   279 

Oak,  pin,  I'nited  States   213 

Oak.  post.  United  States   213.  215,  216 

Oak,  red.  United  States   213.  279 

7937— Xo.  9  1'3 
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Wooden  tiks  (not  preserved) — Continued.  Paoe. 

Oak.  rock,  United  states   213,  216 

Oak,  water,  Ignited  States   279 

Oak,  white,  United  States   213,  215.  216,  235,  279 

Oak,  yellow.  X'nited  States   213 

Pine,  France   22,23 

Pine,  India   103,  104 

Pine,  Mexico   122 

Pine,  Russia   64 

Pine.  United  States   247 

Pine,  American.  Colombia . .    118 

Pine,  American,  Santo  Domingo   121 

Pif.e,  American,  Venezuela   116 

Pine,  Baltic.  Ceylon   107 

Pine,  Baltic,  England   278 

Pine,  black,  bastard.  New  Zealand   234 

Pine,  Georgia   119,243 

Pine,  heart   279 

Pine,  lobh)lly,  United  States   279 

Pine,  long  leaf,  United  States   213,  228 

Pine,  mountain.  United  States   215,  237,  279 

Pine,  Norway,  Canada   252 

Pine,  pitch,  Colombia   118,  119 

Pinr.  Pomeranian.  Denmark   63 

Pine.  Tnrkisli   (>7 

Pine.  red.  New  Zealand   234 

Pine.  Southern,  I'nited  States   213 

Pine,  tapped.  United  States   213 

Pine,  white,  Colombia   1 19 

Pine,  white,  I'nited  States   213,  234 

Pine,  yellow.  United  States   213.  2.5.  216.  224,  228,  250,  279 

Pine,  yt  llow.  long  and  short  leal'.  United  States   213,  228 

Po]>lar.  United  States   279 

Pyngado.  Burma  

Pynga<lo.  East  Africa   76 

Pyngado.  India   ^9, 106 

Quebracho  Colorado.  France   223 

Quebracho  Colorado,  South  AuK-rica   223 

Kedwood.  United  States  :   212,  214,  253 

Kedwood.  black.  United  States   213,214 

Kimu.  New  Zealand   234 

Sal.  India   ^^2,  93, 105, 106,  312,  313 

Sassafras,  United  States   215,216 

Spruce,  United  States  -.   214 

Spruce,  red,  France   226 

Spruce,  red.  United  States   215,  216 

Stinkwood,  Soutli  Africa   73,74 

Tamarack.  United  States   211,  215,  216,  235,  269 

Teak,  Burma   90 

Teak,  India   104,106,189,313 

Theya.  Burma  

Vera,  South  America   118,  223 

Walnut,  black.  United  States   214.  216 

Yellow-wood,  south  Africa   -  -      73,  74 
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>()1>i:n  'ni>«  I  jursfj-vcd  ) :  {Snalso  IMt'sriN  at  pmcesseH.)  I'ajrt-. 
lioucln'i  ie  proct'ss  (siilpliatc  <>l"  (  (•pix-r )  — 

Hrr.  li    LfCit 

1  ir.  t  •<  1  many   1'7<I 

ii.>iiii...k    :/»;!• 

Oik   Utiit 

I'liic.  Norlli  Al'rica   (iii.  T(i.  71 

Huriirtizin^'  process  ( cliloridr  oC  /in»  >   1'22 

lU'fcli.  Austrian,  in  Alm>i  ia   ?(• 

I M  t  i  li.  ( icniiany   

Vn-vch.  I  uit.d  States   1^1  I.  1^:;?.  Utl!) 

('<'<lar.  I  'nil.  (1  States     L'ti!) 

('i.tlniiwoinl.  I'liitcd  States   SSI 

(.11111.  I  iiit.d  States   2'M 

( i  mil,  l)liic,  Natal   75 

Hemlock,  rnitod  States   28;"),  287.  2(;i» 

Maple,  Tnited  States   2(i!) 

Nati  vo.  South  Alriea   7:5.  7") 

( tak.  Austria  :   ')2 

Oak.  (ieniiany    2(i!) 

Oak.  Holland   2;t 

( )ak.  Switzerland   59 

( >ak.  red,  Uuited  States   237 

I'iue,  United  States   211.  21(;.  228.  287,  2m 

Pine,  red,  Holland   2i) 

Spruce,  United  States   26!) 

Taujarack,  United  States  :  281,269 

Creosotinj;  proeess — 

lieeeh,  France   17,  19.  234.  266 

Jieech,  Germany   2<S() 

ISeeeli,  Senegal   71 

Cyiuess,  I'nited  States  *.   265 

l)(  (>(lar,  India   92 

Fir,  Baltic,  p:n<iland   U.  278 

(inm.  blue,  Natal   75 

ileiiilock.  Uuited  States   265 

.\ati\t'.  South  Africa   73,75 

Oak.  nel-iiim    88.  85.  36,38,254 

Oak,  France   18,22,266 

Oak.  (iermany   286 

Fine,  .\l<^eiia    70 

Fine,  Fra/il    118.  114 

Fine,  ( ■a))e  (  djony   78 

Fine,  Fast  AlViea    76 

Pine,  Ejrypt   (57 

Fine,  Franco   17<» 

Fine,  (iermany   286 

Fmr.  India   8!*.  90.  !tl,  91,  !)5.  101.  106.  1*17.  818 

Fine,  .laniyiea   120 

FiiH-,  South  America  115,  116,228 

Fine.  United  States   228.  230.  231,  232,  283,  234 

Pine,  Baltic,  Fujirland   11.278 

Pine,  Baltic,  South  Africa   73 

S])rnce,  France   2(i6 

Tamarack,  United  States  :   235 
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"Wooden  ties  (preserved) — Continued.  Pajie. 
Kyanizing  process  (bichloride  of  mercury)  — 

Hemlock,  United  States   244 

Spruce,  United  States   11)9.246 

Zinc-creosotinor  process — 

Pine,  Holland   30 

Zinc-tannin  process  (Welllionse  process) — 

Beech,  United  States   237 

Cottonwood,  United  States   237 

Gnm,  United  States   237 

Hemlock,  United  States   237,  238 

Oak,  United  States   237,  238 

Pine,  United  States   239,  241 

Pine,  Colorado,  United  States    237.238 

Pine,  mountain.  United  States   237,  238,  230 

Tamarack,  I'nited  States   238 

\'ulcanizing  process — 

Pine,  Colombia   119 

Pine,  United  States   119,243 

Wooden  ties  (general  notes  on  ) : 

Australian,  in  England   22.") 

Australian,  in  Hulia    !t3.  107 

Australian,  in  Unit.-d  States   221,225 

Barked   217,218 

Belgium   33,  35 

liored  for  spikes   33,  73,  223,  224 

Bridge   85,228,252 

Burning   221 

Cbea]),  not  economical   2i:{ 

Checking,  season   218.219 

Coast  and  inland  timber   K2 

Columbian  Exposition  exhibits   212 

Compared  with  metal     151,  IM 

Compression  under  tie  plates   254 

Conditions  of  growth,  tratlic,  etc   215 

Consumption  in  United  States   211 

Cost  of    75,  193,  233,  23(),  250 

Cost  of  laying   250 

Cost  of  treating   75.  193,  232.  234,  235,  237,  238,  243,  270,  27S,  2i»l 

Creosoted,  not  softene«l   232 

Crushing  r.  decay   92,  215,  219 

Cutting  by  rails   211,  214,  219,  249 

Cutting  for  tie  plates   254 

Cutting  timber  foi   217,  218 

Damage  by  liandling  with  i)icks   187 

Decay   5.  104,  118,  153,  213,  219,  220 

Deca  y  of  treated   229 

Decay  and  wear   5,  219 

Destruction  by  ins.M  fs   06,71,70.  77,81,  85,107,  118,153, 

1!>7,  224,  225,  2(^5.  260,  277,  282,  285 

Deterioration  in  quality   215,  220 

Discussion  on   213 

Distribution  in  United  States   214 

Distribution  on  track   217 

Easy  riding   115 
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\    1  1 1  -~  ,  Indicia  1  111  il  (■>  (HI       ( 'on  t  i  II  lied  .  I'a^'i-. 

1 '.loiumiica  1  iiiitlir  cell  a  i  II  coinlit  H'Ms   151 

lit  nlioiiiU'N  ill   .  .    '.  L'lL',  L'L'!! 

Kconomy  of  stasoiiiiiLT  I  rca  I  id  .  .  .  .   L'lil 

Kri>U()in\  of  tr.  alcil   L'L'."),  L'L'd.  -'TH.  L'T'.' 

EnV(  t>  ol  l.allasi    IM 

ElVtM-t  of  rliiiiato   Tit.  Kis 

ElVt'ct  of  soil   L'lo 

I'sl  iiiiatfs  lor  roiicw    1^   L'L'l 

I'ailiirr  l.>  ciittiiiu   L'l  1.  L'l  I.  L'lH 

Failinv  l.\  >|Mkc  killiip.    2ir, 

Foit'imi  coil  11 1  l  ies   22.3 

From  yomiu  tici's   220 

Good,  fiom  lii  fcrior  wood    , . .  237 

(irowthof     33,216 

Half  round   33,77 

Ihir.l.  no  tic  i)lai.  s  nccdt'd   223,224,225 

Hardrncd  l.y  ])r.  scrva  i  ivc  jiroecs.s   232.  23."),  23K,  2M-.  246 

Il.'Wfd  :   218,268 

Imported  iuto  I'niti'd  States   223.  224,  225 

Increase  of  maiutenance  expenses   25,219 

Inspection   212.  217.  218,  21ii.  234.  236 

Life.    (.See  Life. ) 

Marking,  for  date   222.  2.36 

More  expensive  than  metal   Ill 

Number  per  mile   79 

Painting  ends   219 

Piling  for  insiiection   217.  234,  236 

Pine,  species  mueli  alike   213 

Planer-saw  for   218 

Poor,  no  economy  in   213 

Preservation  of  (see  also  Preservative  ])rooesses)   6,277 

Protection  from  wear  and  rol   212 

Quality  of   114,  214 

Removal,  premature   221 

Renewals.    ( ■'<re  Tie  renewals.) 

Requisitions  for   221,  222 

Rotting  at  rail  seats  and  sjiil^e  holes   249 

Safety  of   151 

Sapwood  <.n   220,228 

Sawed   218,268 

Seasoning   21:5.  217,  22(5.  267 

Seasoning,  before  trratinLi    243 

Seasoning,  kiln   228 

Seasoning,  water   217,  259 

Sizes   21S,>>19 

Soft,  protection  <d"   213,  214 

Specifications   213.  2H»,  228 

Specifications  for  treat  ini:    288 

Spike  boles  bored   .33.  73,  223,  224 

Spike  hole  filling   248 

Spike  killing   215.219 

Split   218 

Station  yanls    100 
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Wooden  ties  (general  notes  on) — Continued.  Pane. 

Street  railway,  treated   mi  243.  216 

Switches.    {See  Switches.) 
Tie  plates  on.    {See  Tie  plates. ) 

Timber  for    21.->.  219 

Treated,  drying   2(>7 

Marking   236 

Seasoning   '.'43 

Traffic,  life  of   215 

Tropics   112 

Tunnels   ,  173 

Twisted  and  warjx-d   218 

Wear  at  rail   223 

Of  treated   232 

<  Ml  curves   216.  219 

<  >n  grades   _  19 

Weight.    (.See  Weight.) 

\\'ood  and  metal  coinhination  tie   19S,  311,  313 

\\  ronght  iron  for  ties.    {See  Metal  ties.) 


I'I'I.KMKN  TAIiV  LIST  OF  rMTF.D  STATI'.S  I'ATKNTS  (iN 
MKIAL  TRACK. 


A.  Patent  No. 

.M.liotr.  Ahnd  I"  (p.  311)  5057i:{ 

An.rccht.  .lohn      r)26()(«,  52i;()01,  5290!>7 

Alexy.  Hii-xo   .18351S 

Anderson.  TlioiiiM.s  A    "ITOOiM 

Arnistronu.  A  1   491il2i' 

Arrastronix,  W.  T   51S1:3!I 

Arnold,  E.  L   493052 

B. 

Rabl>itt,  S.  S   493192 

liaird,  W.  W   19514() 

Hnnus,  Edwin  1)   494314 

Bar<fion,  r   452333 

Beach,  Charles  A     448005 

Benjamin,  Newton   505019,  505020,  524999 

Blakeslee,  Ira  L   450132 

Bock n 8,  Charles  G   440997 

Bonzano,  Max  F   437476,441920 

Bordner.  Jerome  M   48()077 

Bradley,  H.  C   511310,  511317 

Braiidwood.  Edward   442410 

Brintnall,  Thomas  M   511316,  511317 

Brochon,  Emile   429007 

Bronsou,  T.  .1    491922 

Brooks,  Theodore  8    400218 

Brooks,  William  H   491200 

Brown,  O.W   425717 

Brown,  Thomas   451804 

Bryant,  E .  W   50037() 

lindinfjton,  Albert  O   404424,479025,517915 

Hiisli.  Thomas  J  (p.  311)  444988,440282 

liussard.  William   431839 

Byram,  Frank  A   475999 

r. 

Cady,  George  W   514179 

Caldwell,  E.  T   490218 

Callahan,  .Ios('i)h  .1    4  10405 

Carl,  John  A   404552 

Chapman.  .Joseph  L   4S0028 

Colvin,  Robert  J   474216 

359 
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Patent  No. 

CoDley,  John   472034 

Cook,  Henry  O   437812 

Cowdrick,  Jesse  W   527(588 

Crane,  Jos.  J   467790 

D. 

Dahill,  Thomns  II   501678 

"Daily,  Hiram   473999 

Daniels,  Robert  E   482997,522974 

Dasher,  Hiram  D   139482,  450601,  491041 

Davis,  Ellery  C   532364 

Davis,  Henry  G   500473 

De  Clements.  E.  D   446405 

De  Raismes.  Ilijipolvte  A   511072 

Delormc,  Charles   429607 

Dietrich,  Elias   450145 

Dinsmore,  Robert   517447 

Dunning,  Theodore  R   426637,450739 

huttoji,  Walter  11   435806 

1  uiscoll,  .John   433651 

Dyson,  Joseph   516001 


K'AAu,  T.  .]   498883 

i:\vino-,  Charles  H   440997 

r. 

Fay,  Thornton  W   485097 

Feindel,  John  T   (p.  311)  4!)62.54 

Fellows,  J.  M   433788 

Fennerty,  John  M   425937 

l  enerbacher,  Frank  1'   521158 

Fiddler,  Wm   413594 

Field,  F.F   433651 

I'isher,  Alvan  15   461571 

Fitzgerald,  Matthew   497954 

Fitzhngh,  C.  L   493492 

Foulds,  Thomas   443939 

Fox,  Samson   12<>613 

Frost,  Leonard  B   451120 

ii, 

Ceng,  M   458230 

Cibbou.  C.  L.  and  T.  H   459780 

(oldemeyer,  Charles  H   491048 

(iillette,  II.  L   429436 

( iilmer,  Thomas  W   4.33524 

Glynn,  Michael   441549 

CJodard,  Wm   443594 

Goldie,  Wm  (j).  311)  488195 

Graeber,  William  A   477112 

Green,  Marion  M   435221 

Gribble,  T.  Graham   446446,419117 

Gnnderson,  Neils   512877 

Gnun,  George  P   502435 


L1>T   OF   V.  a.  I'AlKN'iS   oN    MllTAL    IliACK.  .'UH 

II.                                                           I'at.  Ill  No. 
IImII,  W  illi;HM  I'   t(;2!tll() 

iiiiiiiiih.iHi.  (         V   i);:{(Mr..  Mmm 

llar.lv.  .1.  W  

Harris,  .lolni  V   Itll  JCI. 

Hartford.  Arthur  .1   KwHii;.  tTSi».".s,  1^77^3 

IlMr\.'\  .  Cliarlf-  A   139352 

lirath.  F.  II    49(;218 

Hew  ill.  William  M   484855 

I  licks.  Fran.  i>  1   4G()168 

Hicks,  .lames  M   437812 

Ho.ljrsnii.  .I..I111  r   484036 

llollin.  .I..lm  W   444439 

l!..lt.(".  ('  (p.  311)  502301 

llouanl.  1;.  M    498883 

11..U.11.  L'.  1'   456090,473071 

Il..\  I.  1".  .1   423929 

llul.l.ar.l.  Mo.  s  (i   515431 

HublK-11,  Man  in   438583 

Hntchius,  C.  15   441416 

Hutchin!*.  Thomas  \V   479808 

Ilut.  hinsou,  .1.  P   471582 

.1. 

JelVers.  Harry  I   445274 

Jewett.  W.  d.  L   465263 

Johnson,  Frank  (i   354147.  137301,  437302 

K. 

KeiiYon,  Francis  A   487016 

Ketcluim,  Frank  S   453886,  475981,  504066.  504067 

Kimhcr.  Abraham   424793,  434600 

Kimble.  .lames  P   477943.  491  141,  499233 

Kin«;-.  Kichard  W   470641,  49(>925 

Kinkerter,  .Samuel   500376 

Knox,  Orvillc  W   462716,  473934 

Kramer,  Arthur  M   438764 

I.. 

Lancaster.  .John  P   502464 

Lee.  .loliii  (;   513792 

JJbbey,  H.  W   430780 

Liddou,  Henry  A   479289 

Lindenthal,  Gustav   500266 

Finn,  ( ;eor<;e  E   476404 

Lynch.  .James  II   462717 

ax, 

McFlfalrick.  Samu.  l   490586,497678 

Met  iuire.  P.ernar.l  C  .J   509387 

McManes,  William   476404 

MacNeal,  Charles  W   482967 

Markley,  David   508575 

Marvin,  Goorjre  F   426458 

Mattijetz,  Andreas  :   4879.52 

Miller,  John  J   454179 
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Moeckel,  Ernest   465874 

Mottiit,  E.  S   470585,  472901 

:\Iooie,  Thomas  B   484036 

Morrell,  Roljert   457517,  457518,  483853,  483854,  483855 

Morris,  Joseph  1  >     455537 

Morse,  Stewart  J   433803 

Moser,  John   465874 

Moxhani,  Arthur  J   477670,  505088,  508838,  513712 

Murnane,  John  •.   499139 

Neatie,  James   517585 

Nelson,  Charles  F   468360 

Xewpher.  Alfred  H   491441 

O. 

Oliver.  Moses  W   426051,426052 

Osl.orn.  Kulus   439174,470700 

P. 

I'.  rr  )(ly,  E^\n  h   505478 

I't'tziiian,  Adolph  C   515551 

I'itts.  William  W   488904 

P<)n.l,(;.H   455885 

I'onsard,  Angiisti-   496133 

I'ope,  John  1   502830 

Fope,  William  II   435768 

i'ossons.  Minanl  A   51723(5 

Price.  James  M   4271(>*».  130590,  131172,  162062.  167432.  503253,  504540 

I 'rice,  Russell  D   487351 

K. 

RatVerty,  Patrick   43(  0.39 

Paism.  s.  H.  A   51107J 

K'.'cd.  Calviu  M   487642 

K'eilert,  John   440653 

K'eilly,  Francis  P   508019 

IMehardson.  .lames   430197 

i; ideal.  Saiuuel   50K24  1 

i:oakr.  S.  A   515409 

K'oberts,  Albert  E   456343,  456344,  494029,  517302 

liobinson.  Eugene   447.356 

Rowland,  Horace  B   .502638,  .502639,  5054B 1 

S. 

Saunders,  Ellison   450498,  46.34.56 

Scharf,  Samuel  R   48857X 

Sears,  William  G   444909,  444;H0 

Sellers,  George  H   486959,  .514243 

Sherman,  D.E   434213 

Siskron,  Edward   504695 

.Slutz,  H.  V.  and  T   451781,492895 

Smith,  Bridges   451295,  453922 

Smith,  F.  G   51.5409 

Smith,  Thomas  B   444439,  486741 
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I'jil.  ni  N(». 

Siniiii,  w  .  K   yjx:m 

Soulhwar.l.  Davi.l  II   15li72l 

S].:in-.  11.  I',  aii.l  M.  T   IKi773.  oOiM  12 

StaiilViT.  S;iiiiu»-1  1»   125'J()I) 

Stfin.T,  Cliailrs  i:   f)()7l7i) 

Stt>VtMlS(tIl.  (MOlLirW   I7<>7!>."> 

stiliiiian.  iiri  i.ri  t  I   r.i;;i  i:> 

St()n«>,  I'.ilwaid  II   ~}l'AX'.',H 

Story.  Al.  xandcr   17187:5 

Straul..  A.  W   170!l()l,  1M2121 

St  Irani.  (;.  L   12G877 

Stroiiit'yrr.  .1.  V.  ]■].('   i:.7735 

•t.  llail  n.  I'     ll»iS!ll».  IIG'JOO 


T. 

.Tarrant,  (icor.uc   I!t21-16 

Taylor.  Kno.  h  1   10177:^.  52 1:^5! »,  525927 

I'aylor.  Kzckirl  I'  •   ■474877 

Taylor.  Ilirani   -131213 

Taylor,  .lain.  s  1'   -1288()9 

Taylor.  .lohn  K   434848 

IVall.  William  H   4(U309 

Ti-mpJe.  .lolni   517369 

Tlumias,  Nathan  M   491229 

Tozer   (P- 311)  3 19!ll3,  35G016 

Travis.  Thomas  W   2()(j{)47,  44241G 

Tyler,  ^'ernon  A   441784 

V. 

\  anaman.  David   435162 

W 

Wa<lsworth,  George  H   518439 

Wallace,  Lewis   427384 

W  ard,  James  C   517369 

Ward,  William  S   497562 

Warden,  Charles   499077 

Warner,  Jasper  I*   508664 

Westmacott,  A.  (i.  K   171582 

Wheeler,  l'hili]»   503184 

Whipple,  J.eander  !•:   511226,511227 

Whitaker,  W.  W   499071 

White,  J.  W    430553 

Whitet'ord,  K'oliert   435004 

Williams,  William  .1  ..'   493802 

Wil.«*(»n.  l).ivi(n    445325,445326 

Wilson,  Samuel  II     483821 

Wolf,  T.  G   470585,472901 

Wolfe,  Jacob  ('    464054 

Woodcock,  .lames  M    (p.  311)  490704 

Wrenshall.       ('    (p.  sil)  mm 

V. 

Yonn-.  (.eoi-r  W   1.53099 


